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^iature  grid-controlled  electron  injectors  make  possible 

a  39-trace  cathode  ray  tube  of  reasonable  size  described  on  p  51 
ew  circuit  extends  transistor  frequency  performance.  See  p  56 
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RAYTHEON  1,000, 000-WATT  MAGNETRON 
LOGS  OVER  13,000  HOURS  IN  MOBILE  RADAR 


This  is  the  first  reported  history  of  a 
Raytheon  QK-358  magnetron  substantiated 
with  an  exhibit.  Still,  there  are  nu¬ 
merous  other  cases  in  which  these  excep¬ 
tional  Raytheon  tubes  have  been  clocked 
in  excess  of  10,000  hours,  radiating  at 
peak  power. 

The  case  in  point  concerns  the  applica¬ 
tion  of  a  QK-358  magnetron  in  an  AN/FPS-8 
radar,  for  which  the  General  Electric  Com¬ 
pany  is  the  prime  contractor.  When  the 
tube  was  replaced  after  13,000  hours  of 
service  for  "preventative  maintenance" 
reasons,  it  was  returned  to  Raytheon  where 
the  tube  was  found  to  be  operating  within 
specifications.  Findings  showed  it  to  be 
highly  stable  and  still  capable  of  radiat¬ 
ing  more  than  one  megawatt  of  power. 

A  large  measure  of  the  reliable  operation 
and  outstanding  life  of  the  QK-358  was 
achieved  through  special  attention  given 
to  its  unique  characteristics  in  the  over¬ 
all  design  of  the  radar  transmitter. 

For  your  information,  the  QK-358  is  a  me¬ 
chanically  tunable  pulsed-type  oscilla¬ 
tor  with  an  integral  magnet  and  is  designed 
for  coupling  to  a  standard  3"  x  6"  wave¬ 
guide.  Typical  operating  characteris¬ 
tics  include: 


Frequency  Range . "L"  Bauid 

Peak  Power  Output . 1.3  Mw 

Average  Power  Output .  1,630  W 


AN/FPS-8  high-power  search  system  by  General 
Electric,  used  primarily  in  aircraft  control  and 
early-warning  operation.  The  complete  mobile 
version  (AN/MPS-llA)  shown  here,  can  be  airlifted 
or  carried  on  nine  trucks  and  two  trailers. 


Life  testing  of  Raytheon  tubes,  such  as  the  QK-^ 
magnetron ,  for  six  weeks  or  more  serves  as  a  quality 
check  of  their  performance  characteristics  as 
recorded  and  plotted  against  time. 


Excellence  in  Electronics 


You  can  obtain  detailed  application  information 
and  special  development  services  by  contacting: 
Microwave  and  Power  Tube  Division,  Raytheon  Co., 
Waltham  54,  Mass.  In  Canada:  E.  Waterloo, 
Ontario.  In  Europe:  Zurich,  Switzerland. 
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1025  WESTMINSTER  AVE.  •  ALHAMBRA,  CALIFORNIA 
_ _  Electronic  Instrumentation  for  Industry 

a  subsidiary  of  ROYAL  INDUSTRIES,  INC. 


ACCURACY 

Precision  DC  Voltmeter 


±0.01% +  5  UV  ABSOLUTE 

RANGE  0-1000  Volts  DC 


MODEL  DC-200AR 


POTENTIOMETER 
ACCURACY  .002% 

REFERENCE 
STABILITY  ±  2PPM/'C 

over  a  temperature  range  of  10°C 
to  40  “C. 

REGULATION  ±  .001  %  for 

a  ±  10%  Line  Voltage  Change. 

Long  term  stability  of  reference 
and  potentiometer  is  better  than 
.003  % . 


Price  ♦9850® 


MODEL  DC-llOA 

ACCURACY 

±0.025% +  5  UV  ABSOLUTE 

RANGE  0-1000  Volts  DC 

STABILITY  ±  .005%  foraKne 
change  of  10”  to  130  V.A.C. 

TEMPERATURE 
STABILITY  ±  3PPM/»C  over  a 
temperature  range  of  10*’C-40*’C. 

MODEL  DC-100A.  Similar  to  DC-110A  except  for  ±  .05% 
Accuracy  and  ±  5PPM  Temperature  Stability.  Price  $475.00 
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PRECISION  DC  VOLTMETER 

MODEL  DC-llOA 


WHEATSTONE  BRIDGE  MODEL  WB-IOOA 

A  compact  electronic  package  designed  to 
measure  resistance  from  1  ohm  to  100 
megohms  to  an  accuracy  of  better  than 
±  .05%.  The  instrument  is  complete  in 
itself  and  contains  no  batteries  or  vacuum 
tubes,  the  only  active  elements  are  tran¬ 
sistors  and  Zener  diodes.  Sensitivity  1  MV 
for  full  scale,  transistorized  chopper  ampli¬ 
fier.  Weight  and  size  8  lbs.,  S^w.  7''h,  S'd. 

PRICE  $495.00 


VOLT  AM*  METER  MODEL  VA-IMA 

A  compact  potentiometric  voltmeter  de¬ 
signed  to  measure  OC  voltages  to  accu¬ 
racy  of  better  than  ±.05%  absolute'and 
currents  to  an  accuracy  of  better  than 
±.1%.  This  instrument  has  a  5  digit  read¬ 
out  with  the  last  3  digits  readout  on  a  pre¬ 
cision  10  turn  potentiometer.  Weight  and 
size  9  lbs.,  S^w,  7"h,  6"d. 

PRICE  $625.00 


Price  559500 


REGULATION  MONITOR  MODEL  RM-2A 

This  regulation  monitor  is  a  compact  elec¬ 
tronic  instrument  designed  specifically  to 
measure  the  stability  of  any  DC  voltage 
from  2.0  volts  to  500  volts.  The  drift  is 
less  than  .005%  for  an  8  hour  day  and  its 
short  term  drift  is  less  than  .002%.  At 
maximum  sensitivity  the  meter  gives  full 
scale  of  deflection  for  a  deviation  of 
±0.1%.  Weight  and  size  7  lbs.,  8'w, 
7''h,  S'd.  PRICE  $325.00 
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LAIVCBIDA  Transistorized.  Power  Supplies 
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LA  Series 


LT  Series 


5  and  10  AMP  •  0-34  VDC 


1  and  S  AMP  •  0-32  VDC 


3‘A"  Panel  Height  on  5  AMP  Models 

CONDENSED  DATA  ON  LA  SERIES 

LA  50-03AM  (with  meters)  0-34  VDC,  0-5A  $425. 

LA  100-03 AM  (with  meters)  0-34  VDC,  O-lOA  540. 

LA  50-03 A  (without  meters)  0-34  VDC,  0-5 A  395. 

LA  100-03 A  (without  meters)  0-34  VDC,  O-lOA  510. 

MODEL  VOLTAGE  STEPS 

LA  50-03A,  LA  50-03AM-2, 4, 8, 16  and  0-4  volt  vernier 
LA100-03A,  LA100-03AM-2, 4,  8, 16  and  0-4  volt  vernier 
Regulation:  Line  Better  than  0.15  per  cent  or  20  millivolts 
(whichever  is  greater).  For  input  variations  from  100- 
130  VAC.  Load  Better  than  0.15  per  cent  or  20  millivolts 
(whichever  is  greater).  For  load  variations  from  0  to 
full  load. 

AC  Input:  100-130  VAC,  60  ±  0.3  cycle.  This  frequency 
band  amply  covers  standard  commercial  power  lines  in 
the  United  States  and  Canada. 

Ripple  and  Noise:  Less  than  1  millivolt  rms. 

Ambient  Temperature:  50°C — continuous  duty. 

Remote  DC  Vernier:  Provision  for  remote  operation  of 
DC  Vernier. 

Remote  Sensing:  Provision  is  made  for  remote  sensing  to 
minimize  effect  of  power  output  leads  on  DC  regulation, 
output  impedance  and  transient  response. 

Size: 

LA  50-03A  31/2"  H  X  19"  W  X  143/8"  D 
U 100-03A  7"  H  X 19"  W  X  UW'  D 


Compact  3V2"  Panel  Height 


CONDENSED  DATA  ON  LT  SERIES 


LT  1095M  (with  meters) 

LT  2095M  (with  meters) 

LT  1095  (without  meters) 
LT  2095  (without  meters) 


0-32  VDC,  0-1  AMP  $315. 
0-32  VDC,  0-2  AMP  395. 
0-32  VDC,  0-1  AMP  285. 
0-32  VDC,  0-2  AMP  365. 


VOLTAGE  lANDS 


LT  1095,  LT-1095M  0-8, 8-16, 16-24,  24-32 

LT  2095,  LT-2095M  0-8, 8-16, 16-24,  24-32 

Regulation:  Line  Better  than  0.15  per  cent  or  20  millivolts 
(whichever  is  greater).  For  input  variations  from  105- 
125  VAC.  Load  Better  than  0.15  per  cent  or  20  millivolts 
(whichever  is  greater).  For  load  variations  from  0  to 
full  load. 

AC  Input:  105-125  VAC,  50-400  CPS. 

Ripple  and  Noise:  Less  than  1  millivolt  rms. 

Ambient  Temperature:  50°C — continuous  duty. 

Remote  DC  Vernier:  Provision  for  remote  operation  of 
DC  Vernier. 

Remote  Sensing:  Provision  is  made  for  remote  sensing  to 
minimize  effect  of  power  output  leads  on  DC  regulation, 
output  impedance  and  transient  response. 

Size: 

LT  1095  31/2"  H  X  19"  W  X  D 
LT  2095  31/2"  H  X  19"  W  X  14,%"  D 


SIND  TODAY  POR  COMPLBTB  DATA. 
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Published  weekly,  with  Electronics 
Buyers'  Guide  and  Reference  annually, 
by  McGraw-Hill  Publishing  Company, 
Inc.  Founder:  James  H.  McGraw 
(1860-1948). 


Executive,  editorial,  circulation  and 
advertising  offices  McGraw-Hill  Build¬ 
ing,  330  West  42nd  Street,  New  York 
36,  N.  Y.  Telephone  Longacre  4-3000. 
Teletype  TWX  N.Y.  1-1636.  Cable 
McGrawhill,  N.Y.  Printed  in  Albany, 
N.  Y.;  second  class  postage  paid. 

Subscription  price  U.  S.  ond  posses¬ 
sions  $6  per  year;  single  copies  75c, 
Buyers'  Guide  $3.  Other  countries, 
and  longer  periods,  on  request.  Sub¬ 
scriptions  solicited  only  from  those 
actively  engaged  in  the  field  of 
the  publication  and  in  a  manner 
served  by  its  contents;  position  and 
company  should  be  indicated. 


HIGH-ALTITUDE  RESEARCH. 
Object  at  left  is  not  a  king-size 
oar.  It  is  a  200-ft  research  balloon 
being  launched  from  a  mine  at 
Crosby,  Minn.  The  radio  command 
set  for  this  unmanned  balloon  is 
described  in  this  issue  by  R.  W. 
Frykman  of  the  Schjeldahl  Co.,  in 
Northfield,  Minn.  Equipment  con¬ 
sists  of  a  ground-based  transmit¬ 
ter  and  the  balloon-borne  receiver 
and  associated  decoder.  Frykman’s 
article  begins  on  p  54. 

SALES  REPS.  Manufacturers’ 
representatives  play  a  vital  role  in 
our  industry.  It’s  not  a  ‘bit  part’ 
by  any  means.  This  year  alone  the 
reps  will  sell  about  $2i-billion- 
worth  of  the  products  made  by  the 
electronics  industry.  This  figure 
accounts  for  25  percent  of  total  factory-sales  volume  of  approxi¬ 
mately  $10  billion  anticipated  by  the  industry  for  1960.  A  year  ago, 
rep  sales  totaled  $2.2  billion. 

This  information  comes  from  Electronics’  exclusive  1960  Survey  of 
Electronics  Manufacturers’  Representatives.  We  surveyed  1,450  repre¬ 
sentatives,  including  1,150  from  the  United  States.  (That’s  nearly  80 
percent  of  the  1,500  reps  who  serve  the  industry  in  this  country.)  Re¬ 
plies  were  received  from  685  firms,  of  which  656  were  from  the  U.  S. 
and  29  from  foreign  sources,  mostly  Canada  and  Mexico.  Our  article 
(p  32)  gives  you  complete  details.  Also,  there’s  a  map  showing  where 
U.  S.  reps  are  situated  and  what  percentage  of  the  total  rep  business 
they  handle. 


Subscribers:  Please  address  all  cor¬ 
respondence,  change  of  address 
notices,  subscription  orders  or  com¬ 
plaints  to  Fulfillment  Monoger,  Elec¬ 
tronics,  at  above  address.  Chonge 
of  address  notices  should  provide  old 
as  well  os  new  address,  including 
postal  zone  number  if  any.  If  pos¬ 
sible,  attach  address  label  from  re¬ 
cent  issue.  Allow  one  month  for 
change  to  become  effective. 

Postmoster:  Please  send  Form  3579. 


Coming  In  Our  September  2  Issue 

PATTERN  RECOGNIZER.  The  ideal  pattern  recognition  machine  would 
be  one  that  is  capable  of  recognizing  characters  regardless  of  size, 
rotation,  position,  .style  and  noise.  For  example,  a  reading  machine 
that  could  recognize  the  symbol  5  whether  it  was  continuous  or  in  parts, 
and  whether  it  had  been  printed  by  a  machine  or  scrawled  by  a  child, 
would  be  really  useful. 

In  our  next  issue,  L.  D.  Harmon  of  Bell  Telephone  Labs  de.scribes 
a  line-drawing  pattern  recognizer  w'hich  recognizes  certain  geometric 
line  drawings  independent  of  their  rotation  and  distinguishes  up  to  six 
objects  with  limited  independence  of  size,  shape  and  object  position. 
The  technique,  which  utilizes  a  circular  scanning  principle,  is  appli¬ 
cable  to  automatic  detection  of  letters  and  numbers  over  a  wide  variety 
of  styles,  according  to  Harmon. 

IONOSPHERIC  RESEARCH,  One  technique  for  ionospheric  research 
is  the  radar  study  of  artificial  or  natural  clouds  of  ionization  in  the 
ionosphere.  Next  week,  S.  R.  Hennies  and  J.  V.  N.  Granger  of  Granger 
Associates  in  Palo  Alto,  Calif.,  describe  a  broadband  frequency-scan¬ 
ning  radar  system  used  in  these  studies.  System  has  a  novel  method 
of  detecting  doppler  shifts  caused  Vjy  target  motion.  Granger  and 
Hennies  are  president  and  chief  engineer,  respectively,  of  Granger 
Associates. 
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DEPOSITED  CARBON  RESISTORS 
ARE  UNMATCHED  FOR 


PERFORMANCE 


HYREL®  FB  DEPOSITED  CARBON  RESISTORS 
are  hermetically  sealed  in  ceramic  jackets  against  moisture 
and  vapor... safely  protected  against  mechanical  abuse. 

The  Hyrel  FB  series  is  intended  for  applications  in  military,  commercial 
and  telephone  equipment  where  long  life  under  high  humidity; 
small  size,  and  stability  of  electrical  characteristics  are  important. 


WRITE  FOR  ENGINEERING  BULLETIN  7010B 

SPRAGUE  ELECTRIC  COMPANY 

S5  MANSHAU  STREET  •  NORTH  ADAMS,  MASS. 
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COMMENT 


PLASHC'- 

PROTECTOR 

COSTS 

3c 
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Yet  might  save  you 
thousands  of  dollars 
and  needless  delay. 
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For  mere  pennies  you  insure  yourself  and  your 
CM5romer  against  damage  to  your  products  during  ship¬ 
ping,  storage,  processing.  The  economic  facts  are  that 
simple. 

S.  S.  White  rigid  acetate  Quality  Line,  plastic  protec¬ 
tors  absorb  blows  like  a  Champion  Heavy-Weight. 
Impervious  to  acids,  alkalies,  greases  and  oils,  they 
seal  in  fluids,  seal  out  dirt,  dust,  and  anything  else  that 
might  damage  expensive  equipment.  Note  tWs  too . . . 
they  remove  by  hand  in  a  matter  of  seconds . . .  and 
leave  no  shreds  behind. 


Accuracy  and  Precision 

I  frequently  encounter  the  prob¬ 
lem  of  defining  the  terms  accuracy 
and  precision  as  related  to  elec¬ 
tronic  equipment.  If  you  have  a 
standard  definition  or  one  that  is 
most  commonly  used,  I  would  ap¬ 
preciate  knowing  it  .  .  . 

E.  M.  Thomason 
Monsanto  Chemical  Co. 

Texas  City,  Texas 

“Accuracy”  is  defined  as  “exact 
or  careful  conformity  to  truth  or 
to  some  standard,  free  from  .  .  . 
error.”  It  signifies  the  result  of 
careful  attention  to  detail.  “Pre¬ 
cision,”  derived  from  the  Latin 
verb  meaning  “to  cut  off,”  is  de¬ 
fined  as  “having  determinate  limi¬ 
tations,  exactly  or  sharply  defined 
or  stated,  not  vague  or  equivocal.” 
It  signifies  the  result  of  exacting 
attention  to  minute  detail;  its 
third  definition  is  “minutely  ex¬ 
act.” 

In  standard  industry  usage,  the 
word  “accuracy”  properly  is  used 
to  mean  freedom  from  error, 
especially  as  a  result  of  care.  Pre¬ 
cision,  on  the  other  hand,  relates 
to  the  degree  of  fineness  with 
which  an  operation  is  performed 
or  a  reading  taken.  In  instruments, 
accuracy  depends  on  calibration 
against  ttn  accepted  standard;  pre¬ 
cision  depends  on  such  instrument 
characteristics  as  the  number  of 
divisions  on  a  scale  or  the  number 
of  places  in  a  digital  presentation. 

A  former  professor  of  ours  used 
to  point  out  that  a  three-place  log 
table  containing  no  errors  is  ac¬ 
curate;  a  five-place  log  table  is 
more  precise  but,  if  it  contains  er¬ 
rors,  less  accurate. 


For  even  lower  cost  protection,  look  into  S.  S.  White 
Economy  Line  elastic  vinyl  protectors.  A  good  shock¬ 
absorbing,  rubber-like  material  with  a  non-slip  grip 
that  makes  removal  a  snap.  Stays  put  too.  Customers 
like  this;  saves  ttie.Ti  hours  of  production  time. 


Start  buttoning  up  customer  good  will  today 

WRITE  FOR  FREE  BULLETIN  / 

P5708  and  Samples 


PLASTICS 
DIVISION 
D«pt  37F.10  East  40th  Straot,  Naw  York  16,  N.  V. 


Nanosecond 

The  other  day  I  read  in  your 
magazine  the  word  nanosecond, 
probably  standing  for  one  thou¬ 
sandth  of  one  millionth  of  a  second, 
or  one  billionth  of  a  second. 

Can  you  tell  me  the  definition  of 
this  word,  and  its  derivation?  I  am 
interested  in  the  word  from  which 
nano  came. 

Edmund  C.  Berkeley 
Newton viLLE,  Mass. 

Eclectic  colleague  Berkeley  ap¬ 
parently  missed  our  March  4  issue. 
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KT  SERIES 


KCP  SERIES 


three  for  dependability  at  low  cost 

MEET  P&B’s  FAMILY  OF  "K  SERIES”  RELAYS 


Here  are  only  three  of  a  large  family  of“K  Series” 
relays  by  P&B.  Blood  brothers  all,  they  are 
distinguished  by  fine  craftsmanship  and  design 
maturity.  Together  they  will  handle  a  multitude 
of  switching  requirements. 

Many  design  engineers  find  it  saves  time,  saves 
money  to  integrate  their  circuits  with  related  P&B 
relays.  Makes  sense,  doesn’t  it? 

small,  lightweight  relay  used  widely  in 
communications  and  automation.  Engineered 
for  long  life  and  dependability.  3PDT  max.  AC 
or  DC.  (See  engineering  data.) 

KT— Designed  for  antenna  switching. 


KR  ENGINEERING  DATA 


GENERAL: 

^•okdown  Vpltog*:  500  volts  rms  minimum  betwotn 
all  elements. 

Temperoture  Ronge: 

DC  Coils— 45X  to  85'’C. 

AC  Coils— 45^C  to  70^C. 

TerminoU : 

Pierced  solder  lugs  stondord.  Octal  8  and  11  pin 
pluQ'in  headers  available. 

Rncloeuret:  Type  K— Hermetically  sealed. 

Type  P  clear  cellulose  acetate  dust  cover. 

CONTACTS: 

Arrongements:  3  Form  C  (3PDT)  max. 

Matoriol:  Vt"  d'O-  silver  (gold  plated). 

Other  materials  available  to  increase  contact  capacity* 
Load:  5  amperes  115V  60  cycle  resistive. 

COILS: 

Resietonce:  16,500  ohms  max.  AC  or  DC. 

Power:  1.1  watts  minimum  to  4  wotts  maximum  for 
DC  at  25'^C  ambient. 

Duly:  Continuous. 

tnfulotien:  Centrifically  impregnated  with  insulating  vorniih* 


„  -  - g.  Capaci¬ 

tance:  0.5  mmfds  between  contacts.  Terminal 
ward  is  glass  melamine  and  stack  insulation  is 
glass  silicone  for  minimum  RF  losses  to  switch 
300  ohm  antenna  line.  3  PDT  max.  AC  or  DC. 

Low  cost  plate  circuit  relay  with  sensitivity 
of  125  inw  per  pole.  Factory  adjusted  to  pull-in 
on  specific  current  values.  Available  open,  her¬ 
metically  sealed  or  in  clear  plastic  dust  cover 
With  standard  octal-type  plug.  3  PDT  max.  DC. 


TaI  STANOAIO  lElAYS  AIE  AVAIIAIIE  AT  YOU!  lOCAl  ElECTIONIC  PAITS  DISTdlUIOK 


DIVISION  OF  AMERICAN  MACHINE  A  FOUNDRY  COMPANY,  PRINCETON,  INDIANA 

IN  CANADA:  POTTER  &  BRUMFIELD  CANADA  LTD.,  GUELPH,  ONTARIO 
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KLEIN 


Mathias 


&  Sons 


72  00  Me  COR  MICK  ROAD  •  CHICAGO  45,  ILLINOIS 


JUST  THE 

Iplier  for 

ELECTRONIC 
USE  A 


No.  208-6PC  Long  Note 
Shear  Cutting  Flier 
Potent  No.  2,848,724 


Shear  principle 
requires  let* 
pressure. 


Pin  keeps  jaws 
aligned. 


Here  is  a  recently  developed 
plier  specially  designed  for 
electronic  use.  It  will  lit  into 
confined  space  and  the  steel 
jaws  hola  clipped  end  of 
sheared  wire  firmly  .  .  .  noth¬ 
ing  to  wear  out. 

The  shear  blade  is  at  an 
angle  of  15  degrees  (the 
standard  angle  of  regular  di¬ 
agonal  pliers).  Shear  principle 
assures  smooth,  continuous 
action  without  snap,  prevent¬ 
ing  shock  which  might  dam¬ 
age  transistors  and  other  deli¬ 
cate  components.  For  use  with 
bare  wire  up  to  18  gauge. 

See  your  electronic  supply 
house  or  write  for  catalog. 


Pointed  nose 
reaches  confined 
space. 


Steel  jaws  hold 
clipped  end  tight. 


Coil  spring  keeps 
jaws  open. 


WRITE  FOR  CATALOG  103-A 

Klein  Catalog  103*A  describing  the 
208-6PC  and  many  other  Klein  Pliers, 
will  be  sent  on  request.  Write  for  a  copy. 


Foreign  Distributor;  International  Standard  Electric  Corp.,  New  York 


tsiiklfsktl  Its; 
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where  —  in  Crosstalk  —  we  di|. 
cussed  the  four  new  prefixes  thit 
the  National  Bureau  of  Standard 
had  adopted  (pico-,  nano-,  ten- 
and  giga-),  and  also  hasn’t  seen 
the  various  discussions  on  their 
meaning,  derivation  and  proniu- 
ciation  that  have  taken  place  in 
Comment  (on  April  1  and  June  3, 
for  instance). 

A  nanosecond  is  indeed  a  thou¬ 
sandth  of  a  microsecond;  the  pre¬ 
fix  derives  from  the  Greek  “nanos,” 
meaning  a  dwarf. 

Exports:  Up  or  Down? 

Are  exports  going  up  or  down? 

It  depends  on  which  McGraw-HiD 
paper  you  are  reading.  No  sooner 
had  I  finished  reading  your  article 
in  the  July  29  issue  “Can  We  Stop 
the  Export  Decline?”  (p  43)  than 
I  read  on  p  19  of  the  July  30  issue 
of  Business  Week  that  “Exports 
show  a  bigger  improvement  than 
had  been  expected.” 

The  BW  statement  also  seems  to 
be  confirmed  by  a  graph  on  page  5 
of  the  August  issue  of  Dun’s  Rt^ 
view,  titled  “Exports  keep  strong 
lead  over  imports.” 

Max  Wiesendanges 

Landis  &  Gyr 
New  York 

We’re  glad  reader  Wiesendanger 
asked  about  this;  several  other 
readers  have  too.  Our  sister  publi¬ 
cation  notes  exports  are  improv¬ 
ing,  and  they  are — if  you  consider 
all  U.  S.  business,  which  is  Busi¬ 
ness  Week’s  business.  We  called 
attention  to  a  3-percent  decline 
in  exports —  in  the  electronics  in¬ 
dustry,  which  is  our  business.  It’s 
not  so  much  a  matter  of  which 
magazine  you  read,  but  from  what 
point  of  view  you  look  at  the 
picture. 

Electronics  in  country  after 
country  runs  up  against  tariff  and 
other  import  restrictions  erected  I 
by  governments  anxious  to  shelter  j 
and  protect  their  electronics  in-  j 
dustries.  And  in  the  meanwhile,  the 
production  costs  in  components  | 
and  consumer  goods  are  usually 
lower  in  other  countries,  so  that  ' 
the  ability  of  U.  S.  industry  to 
compete  in  these  areas  is  lessened, 
and  with  the  added  result  that  in* 
ports  of  these  classes  of  goods  are 
rising.  But  this  is  only  one  small 
part  of  the  generally  strong  ex¬ 
port  picture  for  U.  S.  industry 
overall.  J 
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Philco  airborne  radar 
for  ALRI  extends  the 
vision  of  SAGE 

ALRI,  the  Airborne  Long  Range  Input  system 
of  the  U.  S.  Air  Force,  is  the  seaward  extension 
of  SAGE,  the  vast  electronic  network  that  warns 
of  aircraft  approaching  the  North  American 
continent.  Philco  will  develop,  produce  and 
modify  the  airborne  height-finding  radar  as  an 
ALRI  team  member  under  the  system  man¬ 
ager,  Burroughs  Corporation.  Philco  was  se¬ 
lected  for  this  vital  work  because  of  its  long  and 
extensive  experience  in  the  development  and 
production  of  military  airborne  radar  and  its 
major  contributions  to  radar  technology.  Here 
is  further  evidence  of  Philco’s  leadership  in 
advanced  electronics  ...  for  reconnaissance, 
communications,  weapon  systems,  space  ex¬ 
ploration  and  data  processing. 

GovarnmenI  &  Industrial  Group,  Philadelphia  44,  Pennsylvania 

PH  I LCQ 

‘^amoui)  Qi(a&^  tAe  llfnA/  (Over 

Communications  and  Weapons  Division  •  Computer  Division 
Sierra  Electronic  Division  •  Western  Development  Laboratories 


THK 


CORPORATION 


^liResearch  Manufacturing  Divisions 


SP.EGIFIES  Ti  CONTROLLED  RECTIFIERS 
FOR  RELIABLE  TURBINE  OVERSPEED  MONITOR 


All-diffused  TI  2N1595  in  TO-5  case  provides  superior  static  control 

Engineers  at  the  Los  Angeles  AiResearch  Manufactur-  with  controlled  rectifiers  featuring  guaranteed  speci- 
ing  Division  of  the  Garrett  Corporation  designed  the  fications,  tighter  leakage  tolerances,  and  consistent 
Turbine  Overspeed  Monitor  for  use  in  missiles  and  stability. 

aircraft.  This  12-ounce  unit  utilizes  electromagnetic  addition  to  controlled  rectifiers,  AiResearch  engi- 
sensing  at  5000  cps  for  firing  TI  silicon  controlled  neers  have  designed  other  TI  components  into  such 
rectifiers  to  provide  1  amp  of  corrective  current  at  equipment  as  temperature  controls,  frequency  con- 
24  volts  dc.  verters,  and  frequency  monitors  . . .  applications  where 


rp  ,  ,  .  ,  .  ..p,  ,  j  maximum  reliability  is  of  paramount  importance. 

To  obtain  top  missile  reliability,  AiResearch  specified 


TI  2N1595  silicon  controlled  rectifiers.  These  all-  Contact  your  nearest  TI  sales  office  for  price,  delivery, 


diffused  highly  reliable  devices  provide  unique  device  technical  information  concerning  all  reliable  TI 

characteristics,  size  and  weight  savings  ...  in  the  more  components. 


economically  priced  TO-5  case.  TI  provided  AiResearch  Remember  . . .  you  can  rely  on  TI ! 


SILICON  CONTROLLED  RECTIFIERS 


Type 

At  80°C  Case  Temp 

Non-Recurrent 
Surge  Current 

1  Cycle  at  60  cps 
Amps 

Min  Fwd 

Off 

Voltage* 

V 

PIV 

Min 

Breakdown 

Voltage 

V 

Max 

Case 

Temp 

“C 

Max 

Fwd  Gate 
Current 
ma 

Gate  to 
Cathode 
PIV 

V 

max 

Fwd  Voltage 
Drop  @  Avg  Rect 
Fwd  Current 
@25^ 

Stud  Temp 

V  a 

Gate 

Av  Red 
Fwd  Current 
Amps 

Recurrent 
Peak  Current 
Amps 

Rec 

Fi 

m 

Typ 

to 

re 

a 

Max 

2Nie00 

3 

10 

25 

50 

50 

60 

150 

100 

5 

2  3  amps 

1 

to 

1 

2N1601 

3 

10 

25 

100 

100 

120 

150 

100 

5 

2^3  amps 

1 

10 

1 

2 N 1602 

3 

10 

25 

200 

200 

240 

150 

100 

5 

2  @  3  amps 

1 

10 

2N1603 

3 

10 

25 

300 

300 

360 

150 

100 

5 

2  @  3  amps 

1 

10 

1 

2N1604 

3 

10 

25 

400 

400 

480 

150 

100 

5 

2  @  3  amps 

1 

to 

2N1S95 

1 

3 

15 

50 

50 

60 

150 

100 

5 

2  @  1  amp 

1 

10 

2N1596 

1 

3 

15 

100 

100 

120 

150 

100 

5 

2  @  1  amp 

1 

10 

2  N 1597 

1 

3 

15 

200 

200 

240 

150 

100 

5 

2  @  1  amp 

1 

10 

2N1598 

1 

3 

15 

300 

300 

360 

150 

100 

5 

2  @  1  amp 

1 

10 

2N1599 

1 

3 

15 

400 

400 

480 

150 

100 

5 

2  (ml  amp 

1 

10  . 

1 

Tl-OlO 

1 

3 

15 

50 

50 

60 

150 

100 

5 

) 

TIT)25 

1 

3 

15 

50 

50 

60 

150 

100 

5 

See  data  sheet  for  switching  informatiw 

1 

TI-050 

1 

3 

15 

50 

50 

60 

150 

100 

5 

I  *Measured  with  IK  ohm  resislor  gate  to  cathode 


ANOTHER  DIODE/RECTIFIER  PRODUCT  FROM  TI  semiconductor-components  division 


MOLY/G  DIODES  (mesa  computer,  general  purpose,  reference) 
•  gallium  arsenide  microwave  varactor  diodes  and  tunnel  diodes 
Wgh-veltage  diode  stacks  •  controlled  rectifiars  •  high-eurrent/ 
high-voltage  rectifiers  •  epoxy  economy  rectifiers  •  special 
encapsulated  cireult  functions  •  resistors  and  capKitors 


Texas 


Instruments 


LIMITED  "V  _F-f  J  INCORPORATED 

DALUS  ROAD  .  BCOrORD.  CNOLANDA^/L  I3SOO  fMMTH  CENTRAL  EXPRCMWAY  .  DALLAS.  TEXAS 
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Wescon  Opinion  Reflects 
Sober  Second  Thoughts 

k 

■  WESCON  this  week  is  reflecting  So- 
f  ber  Sixties  retrenchment  from  the 
:  rampant  enthusiasm  that  was  so 
noticeable  throughout  the  industry 
earlier  this  year.  Reasons  men- 
tioned  to  Electronics  in  off-the- 
^  cuff  preconvention  conversations  in- 
;  elude  cautious  buying  habits  in- 
'  duced  by  high  prices,  increasing 
competition  (domestic  and  for- 
■  eign). 

Wescon  executive  committee 
chairman  H.  P.  Moore  flew  out  to 
Honolulu  for  a  meeting  of  the  Chi¬ 
cago  Parts  Show  board,  got  back  in 
time  to  report  that  sales  figures  are 
'  running  four  or  five  percent  under 
last  winter’s  forecasts.  Moore  feels 
that  the  industry  may  have  been 
moving  too  fast  and  has  had  to  slow 
down  to  catch  its  breath.  He  says  a 
greater  percentage  of  businessmen 
than  usual  Avill  attend  Wescon  this 
year  to  pick  up  ideas,  drum  up  sales. 

David  Packard,  president  of  Hew¬ 
lett-Packard,  will  receive  Western 
Electronics  Manufacturers  Associa¬ 
tion’s  Medal  of  Achievement,  be¬ 
coming  the  second  West  Coast  in¬ 
dustrialist  to  be  thus  honored.  Les 
Hoffman  won  it  last  year. 

Echo  I  (.see  p  38,  this  issue)  got 
into  the  act;  a  signal  from  Bell 
Labs’  Holmdel,  N.  J.,  transmitter 
was  bounced  off  the  satellite,  re¬ 
ceived  at  Goldstone,  Calif.,  relayed 
by  landline  to  Los  Angeles,  trig¬ 
gered  the  opening  ceremonies. 

Europeans  Note  Increase 
In  Japanese  competition 

IN  SEPARATE  MOVES,  Germany, 
Sweden  and  Italy  took  note  recently 
of  substantial  increase  in  Japanese 
competition. 

West  German  imports  of  goods 
competitive  with  Telefunken’s  prod¬ 
ucts  have  risen  from  an  annual  rate 
of  200  million  Deutschmarks  to  680 
million  ($50  million  to  $170  mil¬ 
lion),  according  to  the  managing  di¬ 
rector  of  the  German  electronics 
giant.  Competition,  he  said,  is  espe¬ 
cially  keen  in  semiconductors  and 
personal  radio  receivers  from 
Japan,  and  tv  picture  tubes  from 


NEWSLETTER 

the  U.  S.  Shipments  to  the  Euro¬ 
pean  Free  Trade  Area  (the  so- 
called  Outer  Seven)  are  higher,  he 
indicated,  than  to  the  six  Common 
Market  countries. 

Italy  earlier  excluded  Japanese 
goods  from  some  of  her  current 
trade-liberalization  moves,  as  did 
Sweden.  While  neither  country  is 
raising  new  trade  barriers,  both  are 
progressively  eliminating  import 
quotas,  but  maintaining  these 
quotas  for  goods  of  Japanese  or 
Soviet  manufacture.  In  Geneva,  of¬ 
ficials  of  GATT  (General  Agree¬ 
ment  on  Tariffs  and  Trade)  said 
that  this  action  gave  Japan  the 
right  to  file  a  complaint  through 
GATT  machinery  to  demand  nego¬ 
tiations  aimed  at  ending  the  dis¬ 
crimination. 

Meanwhile,  manufacturer  inven¬ 
tories  of  tv  sets  and  radios  in 
Japan  reached  226,874  and  1,021,- 
185  respectively  at  the  end  of  June 
as  the  hoped-for  boom  in  color  and 
portable  tv  sets  failed  to  get  off  the 
ground. 

Olympics  Spark  Tv 
In  West  Germany 

GERMAN  RADIO  &.  TV  ASSOCIATION  ex¬ 
pects  television  receiver  production 
to  go  over  2  million  sets  this  year, 
of  which  some  400,000  sets  will  be 
exported.  Output  last  year  was 
1.85  million  sets. 

The  association  also  reports  a 
considerable  increase  in  demand 
caused  by  the  Olympic  Games, 
being  held  in  Rome  next  month. 
Seasonal  production  slump  ended  in 
July  this  year;  normally  sales  don’t 
pick  up  until  August. 

Soviets  Develop 
Acoustic  Thermometer 

RADIOPHYSICAL  LABORATORY  of  the 
Soviet  Academy’s  Institute  of  At¬ 
mospheric  Physics  is  using  acoustic 
techniques  to  measure  air  tempera¬ 
ture  in  the  stratosphere. 

A  sound  source  and  two  micro¬ 
phones  of  special  design  are  used  in 
the  device;  a  controlled  pulse  of 
acoustic  energy  is  emitted  by  the 
sound  source,  and  the  propagation 


time  is  measured  by  a  circuit  asso¬ 
ciated  with  the  two  microphones. 

Apparatus  has  been  successfully 
tested  in  a  balloon  flight  to  more 
than  20-mile  altitudes,  where  non- 
thermal  radiation  and  inefficient 
instrument-to-air  heat  exchange 
interfere  with  conventional  thermo¬ 
metric  readings.  Further,  the  device 
can  record  rapid  changes  in  thermal 
gradients  induced  by  turbulence  or 
layering,  according  to  an  article  in 
the  Soviet  Economic  Gazette. 

Price-Cutting  Hits 
Silicon  Producers 

STORM  oi^  PRICE-CUTTING  in  elec- 
tronic-grade  silicon  has  been  raging 
in  the  chemical  industry  since  mid- 
August.  McGraw-Hill  publication 
Chemical  Week  reports  that  the 
first  sign  was  a  6-to-28-percent  cut 
by  Merck  which  met  industry  price 
levels  in  some  cases,  undercut  them 
in  others.  Then  Du  Pont  set  up  dif¬ 
ferent  resistivity  classifications  for 
its  products,  in  effect  meeting  some 
of  the  Merck  prices  and  establish¬ 
ing  some  at  lower  levels. 

Last  week  Dow  Corning  unex¬ 
pectedly  slashed  prices  on  polycrys¬ 
talline  silicon  rods  45  percent. 
These  rods  can  reach  1,000  ohm-cm 
by  float  zoning,  now  cost  $300  a 
pound  for  1-in.  rods  in  quantities  of 
over  100  lb.  Price  had  been  $550. 

Industry-wide  price  on  polycrys¬ 
talline  billet  rods  established  by 
Texas  Instruments  in  June  and  met 
by  Merck’s  price  cut  is  $.44  a  gram, 
down  from  $.61.  Prices  for  float- 
zone  single-crystal  silicon  range 
from  $1.59  a  gram  for  n-  and  p-type 
0.01-0.09  ohm-cm  to  $2.96  a  gram 
for  n-type  over  500  ohm-cm  and 
p-type  over  1,000  ohm-cm. 

Echo  I  Carries 
Tiny  Transmitter 

ELECTRONIC  DEVICES  aboard  the 
100-ft  satelloon  Echo  I  are  two 
radio  beacons,  each  about  the  size 
and  shape  of  a  dinner  plate  and 
equipped  with  a  half-ounce  trans¬ 
mitter  about  the  size  of  a  cigarette 
lighter. 

The  bt'aocns  were  developed  by 
RCA,  are  pro\>iing  the  signals  that 
zero  in  the  Holmdel  and  Goldstone 
tracking  antennas. 
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for  the  most  efficient 


and  economical  production  of 
forming  gas  mixtures 


...provides  by  far  the  most  economical  and  efficient  method 
for  .the  production  of  pure  nitrogen  —  completely  free  of 
oxygen  — and  with  hydrogen  content  precisely  controlled 
at  any  desired  percentage  between  0.5%  and  25%.  Nitro¬ 
gen  is  supplied  at  a  fraction  of  cylinder  supply  cost. 

The  Nitroneal  Generator  is  automatic  except  for  startup, 
with  no  need  for  operating  personnel.  The  unit  performs 
instantly,  efficiently  anywhere  in  the  range  of  from  25%  to 
100%  of  rated  capacity.  Installation  requires  only  a  110 
volt  line,  water,  air,  ammonia  lines  and  drain  facilities. 
Units  can  be  supplied  in  capacities  of  100  cfh  to  10,000  cfh. 
. . .  The  catalyst  lasts  indefinitely  —  maintenance  costs  are 
practically  nil.  Write  for  complete  catalog  material  and  data. 


NITRONEAL® 
GAS  GENERATOR 


PLATINUM 


DIVISION 


for  electronic  components 


platinum  clad  wire,  sheet  and  tuhing 


PROMPT  PRECIOUS  METAL  SCRAP  RECOVERY  SERVICE  •  ENGELHARD  PROCEDURES  RECOVER 
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DOMESTIC  OlVISIONSi  AMERICAN  PLATINUM  S  SILVER  DIVISION  •  AMERSIL  QUARTZ  DIVISION  •  BAKER  CONTACT  DIVISION  •  BAKER  DENTAL  DIVISION  •  BAKER  PLATINUM 
DIVISION  •  BAKER  SETTING  DIVISION  •  CHEMICAL  DIVISION  •  HANOVIA  LIQUID  GOLD  DIVISION  •  INSTRUMENTS  B  SYSTEMS  DIVISION  •  IRVINGTON. BAKER  REFINING  OIVI- 
SION  •  O.  E.  MAKEPEACE  DIVISION  •  RESEARCH  ft  DEVELOPMENT  DIVISION  •  M.  A.  WILSON  DIVISION.  COMPANIES  ABROAOt  ENGELHARD  INDUSTRIES  OF  CANADA,  LTO.»  T  • 
RONTO  •  ENGELHARD  INDUSTRIES  LTD.*  BAKER  PLATINUM  DIVISION,  HANOVIA  PRODUCTS  DIVISION,  LONDON  •  SOCIEDAD  SURAMERICANA  OE  METALES  PRECIOSOS  S.A.i>0' 


Platinum  clad  wire,  sheet  and  tubing  make  it  possible  to  in¬ 
corporate  all  the  important  desirable  characteristics  of  the 
noble  metals  in  equipment,  at  minimum  cost.  Platinum  clad 
is  pure  platinum  or  an  alloy  of  platinum  so  securely  bonded 
to  a  base  metal  body  that  the  composite  metal  can  be  fab¬ 
ricated.  The  gauge  of  the  platinum  metal  can  be  specified 
to  requirements.  The  process  guarantees  continuous  pore- 
free  platinum  cladding  with  a  work  function  metal  such  as 
platinum  or  platinum  alloy  to  perform  at  elevated  temper¬ 
atures.  Write  for  literature. 


/ 


QUARTZ 


division 


NEWARK  2  NEW  JERSEY 


H.  A.  WILSON 


DIVISION 


Amersil  manufactures  and  fabricates  high  purity  fused 
quartz  for  ultraviolet  transmission  applications,  laboratory 
ware  and  production  equipment.  These  products  include 
standard  apparatus,  plain  tubing  in  many  intricate  fabrica* 
tions,  crucibles,  trays,  cylindrical  containers  and  piping  in 
a  full  range  of  sizes  up  to  25"  in  diameter.  Ingots  and  plates 
are  available  in  general  commercial  quality  as  well  as  in 
special  optical  grades.  Amersil  engineers  are  also  prepared 
to  assist  in  developing  fused  quartz  and  silica  equipment 
for  special  requirements.  Send  for  literature. 


THERMOMETAL*  for  dependable 
temperature,  electrical  current  and 
voltage  control  applications. 


THCRMOMCTAL 


|C0NTACTS 


Leading  manufacturers  depend  upon  the  outstanding  per* 
formance  of  Thermometal  in  electrical  appliances,  thermal 
cutouts,  heating  controls  and  many  other  applications  in* 
volving  the  indication  and  accurate  control  of  temperatures, 
electrical  currents,  voltages,  etc.  Thermometal  is  supplied  in 
strip  form,  rolled  and  slit  to  close  tolerances  and  tempered 
to  specification.  Thermometal  elements  and  sub-assemblies 
are  also  supplied  to  specifications,  with  or  without  contacts 
attached.  Send  for  literature. 


thermometal 


thermometal 


THERMOMETAL 


'contacts 


thermometal 


platinum 
NINO  oivi- 
LTD..  TO. 

ts 


.L.,  PARIS  •  ENGELHARD  INDUSTRIES  a/s.  COPENHAGEN  •  GLOV  ER  S  GOODE  PTY. ,  LTD. .  H  ELBOURNC  •  ENGELHARD  INDUSTRIES,  K  .K.« 
LTD.,  MELBOURNE  •  ENGELHARD  I NDUSTRI ES,  LTD.,  ZURICH  *  INDUSTRIE  ENGELHARD  S.P. A..  ROME  •  OUILIANO  STACCIOLH-  METALLI  PRB« 
INDUSTRIES  NACIONALES,  S.A.,  BOGOTA.  ASSOCIATED  COMPANIES!  KAL I  E*C  H  CM  I E- ENGELHARD  K  AT  AL  YS  ATOREN  O.M.B.H.*  HANOVCM 


'00%  OF  ASSAYED  PRECIOUS  METAl  CONTENT 
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IRVINGTON-BAKER  REFINING  DIVISION 


tronici 
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WASHINGTON  OUTLOOK 


FIXED  COAXIAL^  ^  I 
ATTENUATORS  I 

t  "to  12.4  KMC 

50  Ohms"'  lto20clb"  I 

Connors:  Type  N,  C,  BNC,  TNC 
or  SC  Eodi  fype  >with  nwle/  ^'  ^^ 
,feiMle,  dou^  mole  double 
female^  connectors;.  Mode  «nth  **  1 
Wein^l  Fthn  R^ors  ^ 


ORBITING  SATELLITES  are  about  to  become  an  integral  part  of  U.  S.  military 
and  civilian  communications.  Successful  launches  by  the  space  adminis¬ 
tration,  Air  Force,  Navy  and  Army  keep  expanding  the  number  and 
variety  of  communications  facilities  orbiting  the  earth.  Of  a  dozen  or 
so  now  flying,  half  are  effective  communications  instruments. 

The  Army  is  getting  into  space  with  Project  Courier — one  of  the  most 
advanced  satellites  so  far.  Of  the  satellite’s  500-lb  tveight,  the  electronic 
equipment  built  by  Philco  accounts  for  about  300-lb.  Courier  has  four 
voice  channels  and  20  teleprinter  channels  that  operate  on  ultra-high 
frequencies.  Some  19,200  solar  cells  power  the  satellite’s  communication 
system. 

Courier  can  simultaneously  transmit,  receive  and  store  some  68,000 
words  a  minute.  In  a  flve-minute  pass  over  a  ground  receiving  station, 
the  satellite  can  send  and  receive  some  340,000  words. 

Special  28-foot  dish-shaped  tracking  antennas  at  Fort  Monmouth,  N.  J., 
and  Ponce,  Puerto  Rico,  are  designed  to  monitor  the  satellite.  The  oper¬ 
ating  life  of  Courier  I  is  expected  to  be  around  three  months. 

Other  satellites  that  are  still  actively  transmitting  are:  Vanguard  I 
and  III,  Tiros  I,  Midas  II,  Transit  2- A,  and  the  Naval  Research  Labora¬ 
tory  satellite  that  teas  launched  pickaback  style  from  Transit  2-A.  The 
National  Aeronautics  and  Space  Administration  satellite  Echo  I,  the  100- 
foot  diameter  inflated  balloon,  is  used  for  passive  communication  experi¬ 
ments. 

The  satellites  in  orbit  are  only  early  versions  of  satellite  systems  to 
be  perfected.  Several  other  experimental  satellites  are  scheduled  to  be 
launched  in  the  next  year  or  so.  Over  the  next  10  years,  the  space  admin¬ 
istration  plans  to  launch  some  240  satellites  to  explore  space  and  planets. 
These  are  in  addition  to  the  military’s  satellite  systems  in  communication, 
navigation,  and  missile  detection  and  surveillance  that  are  in  the  works. 


AN  ELECTRONIC  WAVE  MEASUREMENT  SYSTEM  has  been  developed  for 
Navy’s  Polaris  missile-firing  submarines.  Wave  action  is  reported  to  be 
a  critical  element  in  firing  the  1,200-mile  Polaris  missiles.  The  missiles 
cannot  be  fired  through  the  crest  or  the  trough  of  waves  if  precise 
accuracy  is  to  be  obtained. 

Navy  won’t  comment  officially,  but  it’s  Hydrographic  Office  reportedly 
has  developed  an  electronic  sounding  system  that  measures  wave  heights. 
The  machine  reproduces  wave  contour  on  a  monitoring  screen  in  the 
submarine.  Firing  is  then  timed  accordingly. 


ELECTRONIC  EQUIPMENT  takes  an  important  billing  in  the  $476.3-million 
worth  of  additional  military  contracting  just  approved  by  President 
Eisenhower.  The  increase  was  made  under  sharp  political  pressures  and 
provides  still  another  push  for  the  growing  volume  of  new  defense  orders 
this  year. 

Lockheed’s  Samos  reconnaissance  satellite  project  will  be  boosted  about 
25  percent.  The  extra  funds  will  go  to  buy  components — radars,  infrared 
and  communications  for  back-up  use  in  satellite  tests. 

The  Air  Force  will  be  allowed  to  step  up  procurement  of  instruments 
and  other  B-52  bomber  spare  parts  for  stockpiling  to  prepare  for  a  con¬ 
tinuous  airborne  bomber  alert. 

The  Air  Force  will  also  be  allowed  to  spend  half  the  $200  million  extra 
appropriated  by  Congress  for  B-70  development.  But  as  plans  stand  now, 
the  additional  money  will  be  used  for  faster  delivery  of  two  stripped-down 
prototype  models  for  flight  testing. 

The  Navy  gets  the  largest  chunk  of  the  additional  funds — $163.9 
million — ^to  build  two  more  Polaris  submarines  and  to  buy  the  Lockheed- 
built  missiles  which  go  with  the  vessels. 
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READ  DIRECTLY 


“Ljujua 

and 

\juv 


10  times  previous  accuracy,  drift  less  than 
±  4hv  per  day,  noise  less  than  0.2  |ivl 


New  425A  Microvolt-Ammeter 


Now  make  these  difficult  measurements  quickly,  easily 

Engineering— minute  dc  potentials,  difference  voltages,  nulls;  resistances  from  milliohms 
to  10  megmegohms  (with  external  dc  source).  Also  use  with  Esterline-Angus,  other 
recorders 

Physics,  Chemistry— grid,  photomultiplier  circuits,  vacuum  ion  levels,  thermocouple  poten¬ 
tials,  voltaic  currents  in  chemicals 

Medicine,  Biology— voltages  in  living  cells,  plants,  seeds,  nerve  voltages 


Use  of  a  photoelectric  chopper  instead  of  a  mechanical  vibra¬ 
tor,  insuring  low  noise  and  drift.  Protection  against  1,000  volt 
momentary  overloads.  New  probe  minimizing  thermocouple 
and  trihoelectric  effects.  Heavy  ac  filtering. 

Above  are  but  a  few  of  the  reasons  why  the  new  -hp~  425A 
does  the  work  of  complex  equipment  arrajs  faster,  more  sim¬ 
ply  and  with  10  times  previous  accuracy. 

In  addition  to  extremely  small  voltajies  and  currents,  Model 
425A  measures  resistances  from  milliohms  to  10  megmegohms, 
in  conjunction  with  an  external  constant  current. 

Get  complete  details  today  from  your  -hp-  representative,  or 
write  direct. 


SPECIFICATIONS 

MICROVOLT-AMPLIFIER 

Voltages:  Pos.  and  neg.  10  /iv  to  1  v  full  scale. 

11  ranges,  1-3-10  sequence. 

Current;  Pos.  and  neg.  to  3  mo  full  scale. 

18  ranges,  1-3-10  sequence. 

Input  Impedance:  1  megohm  on  voltage  ranges, 

1  megohm  to  0.33  ohms  on  current  ranges. 
Accuracy:  ±3%  full  scale. 

AMPLIFIER; 

Frequency  Range:  dc  to  0.2  cps 
Gain:  100,000  maximum 
Output:  0  to  1  V,  adjustable 
Output  Impedance:  10  ohms,  1,000  shunt 
PRICE:  $500.00  f.o.b.  factory 

Data  subject  to  change  viithout  notice 

HEWLETT-PACKARD  COMPANY 

5026A  PAGE  MILL  ROAD  .  PALO  ALTO,  CALIFORNIA,  U.S.A. 
CABLE  “HEWPACK"  •  DAVENPORF.  6-7000 
F/ELO  REPRESENrATIVES  IN  ALL  PRINCIPAL  AREAS 


presenting  30  basic  new  instruments  in  one  year! 
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stability  and  reliability 

OVER  A  WIDE  TEMPERATURE  RANGE:  -65°C  TO  +175'C 


Hughes  Voltage  Regulator  Diodes  give  your  circuits  greater 
stability  and  truer  voltage  control  than  ever  before  feasible  over  an 
extremely  wide  temperature  range.  The  diodes’  flat  zener  dynamic  re¬ 
sistance  keeps  noise  to  an  absolute  minimum  and  makes  possible 
excellent  electrical  and  mechanical  reliability. 

Compare  these  features  of  Hughes®  VR  diodes: 

1.  Voltage  regulation  to  close  tolerances.  2.  Voltage  regulation  over  a  wide  tem¬ 
perature  range  (— 65°C  to  +175°  C).  3.  Voltage  regulation  with  low  noise. 

The  Hughes  voltage  regulator  diodes  are  alloyed  junction  devices, 
which  inherently  demonstrate  a  sharp  zener  knee.  They  are  ideal  for 
voltage  regulation,  surge  protection,  AC-DC  amplifiers  (coupling  de¬ 
vices,  biasing  element),  wave  generators,  and  clippers.  See  your  author¬ 
ized  Hughes  distributor,  or  write  Hughes  Semiconductor  Division, 
Marketing  Department,  Newport  Beach,  California. 


VOLTA6I  NIGUtATOR  OlODtS  (tlA-TVPftl 


Creating  a  new  world  with  ELECTRONtCS 


HUGHES 


SEMICONDUCTOR  DIVISION 
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Reliability  in  volume... 


CLEVITE 


TRAIMSISTTOR 
WALTHAM,  MASSACHUSETTS 


-  ■ 


Clevite  Germanium  Diodes  . . 

YOUR  BEST  BUY 
FOR  TODAY’S 
HIGH  SPEED  SWITCHING 
CIRCUITS 


actual  size 


A  DIVISION  OF 


CLEVITE 

CORPOPATiON 


Reliability  In  Volume  .  .  , 


At  voltages  typical  of  solid  state  switching 
circuitry  .  .  .  and  recovery  times  in  the 
millimicrosecond  range  Clevite  germanium 
diodes  offer  several  outstanding  advan¬ 
tages  over  costly  silicon  types: 

Lower  forward  voltage  drop.  An  es¬ 
pecially  valuable  characteristic  for  satu¬ 
rated  circuitry  applications, 

Superior  forward  transient  response. 

Reliability,  availability,  uniformity. 
Years  of  experience  in  the  production  and 
application  of  hundreds  of  millions  of 
germanium  diodes  have  brought  these  types 
to  a  high  state  of  perfection  and  predict¬ 
ability.  They  take  the  gamble  factor  out  of 
your  design  and  production  problems. 

Low  cost.  Thoroughly  developed  manu¬ 
facturing  techniques  utilizing  automated 
processes  and  close  controls  result  in  high 
yields  and  high  production  efficiencies. 
This  means  top  quality  product  at  prices 
well  under  the  present  cost  of  comparable 
silicon  types. 

Take  a  close  look  at  germanium  .  .  • 
for  fast  switching  at  low  voltages,  it 
may  well  be  your  best  buy! 

Send  for  bulletin  B-213-2 


CLEVITE  TRANSISTOR 

254  Crescent  Street  Waltham  54,  Mass.  Tel:  TWinbrook  4-9330 


r 
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ADJUSTABLE  SPAN 


j4  new  addition 
to  VARiAN’S  6-22 
Duai  Channei 
Potentiometer 
Recorder 


0-10  MV  TO  0-500  YOl 


More  versatile  than  ever,  the  Varian 
G-22  will  now  record  from  sources 
of  almost  any  likely  signal  voltage.  A 
newly  available  plug-in  input  chassis, 
the  B-22  attenuator  type,  is  easily  set 
as  needed  from  spans  as  little  as  10 
millivolts  full  scale  to  as  high  as  500 
volts.  Front-panel  adjustment  is  con¬ 
tinuous  in  between  for  optimizing  use 
of  the  chart’s  full  width  in  any  record¬ 
ing  situation. 

The  G-22  can  be  your  best  all-purpose 
recorder  in  other  ways  too.  Two  chan¬ 
nels  in  themselves  also  mean  versa¬ 
tility— they  make  the  recorder  a  cor¬ 
relator  of  simultaneous  variables  (any 
two  you  choose).  Two  plug-in  input 
chassis  mean  that  each  channel’s  re¬ 
cording  characteristics  can  be  quickly 
changed.  And  zero  can  be  reset  any¬ 
where  across  the  chart  from  left  to 
right— each  channel  separately.  Last 


but  not  least  don’t  underestimate  the 
value  of  the  handle  on  top.  This  re¬ 
corder  goes  wherever  there  is  record¬ 
ing  to  be  done.* 


•Varian  offers  rack  mounted  versions  too— either 
singles  or  twins.  The  latter  is  pictured,  showing  how 
four  channels  of  recording  can  be  fitted  within  the 
19-inch  width  of  a  standard  rack. 

SPECIFICATIONS,  OPTIONS, 

AND  ACCESSORIES 

One  second  full-scale  balancing  time  •  Accuracy  IX 
of  full  scale  •  Sensitivity  0.25Z  of  full  scale  •  Two 
chart  speeds  standard,  four  speeds  optional  •  Wide 
selection  of  chart  speeds  from  H"  per  hour  to  16“ 
per  minute  •  Weight  33  pounds  •  Available  accessories 
include  retransmitting  slide  wires,  alarm  contacts, 
event  markers,  etc. 


For  full  specifications,  write  the  Instrument  Division. 

VARIAN  associates 

PALO  ALTO  1,  CALIFORNIA 


f 


Ij 


NMK  i  CPR  spectrometers,  magnets,  aUXMETERS,  GRAPHIC  RECORDERS,  MAGNETOMETERS.  MICROWAVE  TUIES,  MICROWAVE  SYSTEM  COMPONENTS,  HIGH  VACUUM  EQUIPMENT,  LINEAR  ACCEURATORS,  RESEARCH  AND  DEVELOPMENT  SERVICES 
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OIL  RESISTANCE 


LOW  TEMP. 


EP-sse 


If  you  require  high  performance  in¬ 
sulation  in  one  or  any  combination 
of  the  areas  shown,  you’ll  find 
Resinite  vinyl  sleeving  provides  the 
outstanding  dependability  you  need. 
Resinite  vinyl  insulation  more  than 
fills  most  applicable  commercial  and 
military  specification  requirements. 

To  save  time  and  material  at  as¬ 
sembly,  Resinite’s  SOFT-WOUND 
SPOOLING  prevents  flattening  of 
thin  wall  sleeving  at  the  tube  core. 
What’s  more,  every  lot  of  Resinite 
Specification  Sleeving  is  rigidly 
tested  for  conformance.  And  each 
spool  carries  this  test  number  for 
easy,  positive  reference  to  the  per¬ 
manent  test  record. 

Your  Resinite  Distributor  has 
complete  information  on  Resinite’s 
many  vinyl  tubings,  tapes,  and  lac¬ 
ing  cords.  For  samples  and  per¬ 
formance  data  write : 

RESINITE  DEPARTMENT 


DIELECTRIC 

STRENGTH 


OutsUn^ 


CUT-THROUGH 

RESISTANCE 


ExcMIWt 


OIL  RESISTANCE 


RESISTANCE  TO 
TLAME  (SELF¬ 
EXTINGUISHING) 


FUNGUS 


ASTM  D372-5Jt 
NEMA-VSI-IKO 
MIL-I-3190(« 


MIL-I-631C 
TypeF 
Form  U 
Grades  a 
and  b 
Cl.  I  « II 
CaM 


MIL-I-G31C 
TypeF 
Form  U 
Grade* 
Cl.il 
CaLl 


SPECIFICATION 

CONFORMANCE 


C  O  M  PA  NY 

X  Clark  St,  North  Andover,  Mass. 
P.O.  Box  430,  Compton,  Calif. 


I  J 

OtlMBordMCoeyiW 


Also  a  complete  ranee  ol  vinyl  t  pes  and  lacing  cords 


200‘’F 

-95*F 

ISS'F 

-90*F 

205“F 

-TS-F 

221  "F 
-5*F 

257*F 

-40'F 

185*F 

-4irF 

165'F 

-SO'F 

400 
volts/ 
mil  av. 

390 

volts/ 

milav. 

900 
volts/ 
mil  min. 

1.000 

volb/ 

mil 

1,000 

volts/ 

mil 

900 

volts/ 

milav. 

800 
volts/ 
mil  av. 

Good 

Good 

Good 

ExceliMt 

— 

Outstanding 

Good 

Good 

Slifht 

Swellinf 

SligM 

Swelling 

Slight 

Swelling 

Excellent 

Excellent 

SligM 

Swelling 

Slight 

Swelling 

5  sec. 

max. 

5s«c. 

max. 

6  sec. 

max. 

10  sec. 

isec. 

5s«c. 

max. 

5  sec. 

max. 

Yes 

Clear 

Fungicide 

Yes 

Amber 

Fungicide 

Yes 

Clear 

Fungicide 

’ 

Available 
(lose  only) 
Clear 
Fungicide 

Good 

Good 

Good 

Good 

Good 

Good 

Good 
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financial  roundup 


United  Industrial  Corp.  Sales  Up  40% 


United  Industrial  Corp.,  New  York 
and  Los  Angeles,  reports  sales  40 
percent  higher  during  the  second 
quarter  of  this  year  than  during 
the  first  three  months.  Total  for 
the  three  months  ended  June  30 
were  $10,710,000,  compared  with 
$7,651,042  in  the  first  quarter  of 
1960.  Second  quarter  earnings 
were  $102,496,  compared  with  a 
deficit  of  $168,453  in  the  first  quar¬ 
ter.  Net  income  after  taxes  for 
the  six  months  ended  June  30, 
1960,  amounted  to  $529,121  or  14 
cents  a  share  on  common  stock, 
after  provision  for  preferred 
shares.  B.  F.  Gira,  UIC  president, 
accounts  for  the  upturn  in  sales 
volume  by  citing  the  operational 
results  of  two  new  divisions. 
Southern  Pacific  Milling  and  Perry 
Rubber,  both  acquired  earlier  this 
year. 

Hathaway  Instruments,  Denver, 
Colo.,  reports  purchase  of  Dale 
Electronics,  Inc.,  Columbus,  Neb., 
for  $6  million.  Transaction  was 
carried  out  through  exchange  of 
stock.  George  Risk  of  Dale  will  be¬ 
come  president  and  general  mana¬ 
ger  of  all  Hathaway  enterprises. 
D.  J.  Jones  will  remain  as  chair¬ 
man  of  the  board.  Sales  forecast 
for  Hathaway  in  1960  is  $7.2  mil¬ 
lion.  A  joint  statement  by  Risk 
and  Jones  reports  annual  com¬ 
bined  sales  will  be  more  than  $20 
million.  Hathaway  also  has  two 
wholly-owned  subsidiaries.  Ster¬ 
ling  Electric  Motors  in  Los  Angeles 
and  Clemco  Aero  Products  in  Gar¬ 
dena,  Calif. 

Erie  Resistor  Co.,  Erie,  Pa.,  an¬ 
nounces  an  increase  of  18  percent 
in  consolidated  shipments  fc  the 
24  weeks  ended  June  12,  1960,  as 
compared  with  those  of  the  equiv¬ 
alent  period  in  1959.  Consolidated 
earnings  after  taxes  and  allowance 
for  preferred  shares  were  equal  to 
19  cents  a  share.  Net  sales  for 
the  period  were  $12,499,159.  A 
year  ago  they  were  $10,579,110. 

Crosby-Teletronics  Corp.,  West- 
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bury,  L.  I.,  reported  last  week  that 
gross  sales  for  the  period  from 
Nov.,  1959,  to  April,  1960,  rose 
384  percent  to  a  record  $765,000. 
The  equivalent  period  a  year  ago 
saw  a  "total  of  $199,000.  M.  G. 
Crosby,  president,  says  the  rise  is 
due  to  heavy  orders  for  test  equip¬ 
ment,  facsimile  devices  and  long- 
range  communications  devices. 

Siegler  Corp.,  Los  Angeles,  reports 
record  net  income  of  $3,201,023 — 
an  increase  of  45  percent — for  the 
fiscal  year  ended  June  30,  1960. 
This  is  equal  to  $1.71  a  share  on 
1,871,595  shares.  Equivalent  fig¬ 
ures  a  year  ago  were  net  earning 
of  $2,203,022,  and  $1.36  a  share  on 
1,624,815  shares.  The  15-percent 
rise  in  common  shares  was  due  to 
conversion  of  remaining  outstand¬ 
ing  debentures,  issuance  of  a 
4-percent  stock  dividend,  shares 
issued  for  the  purchase  of  Mag¬ 
netic  Amplifiers,  Inc.,  and  execu¬ 
tive  stock  options.  Sales  for  the 
recently  completed  fiscal  year 
were  $84,095,002,  a  nine-percent 
increase  over  the  last  fiscal  year. 


25  MOST  ACTIVE  STOCKS 

WEEK  ENDING  AUGUST  12,  1960 
SHARES 


(IN  lOO’s)  HIGH 

LOW 

CLOSE 

Avto 

3,367 

167/1 

15% 

15% 

Byltva  Watch 

1,601 

227/8 

18% 

217/8 

Fairckilh  Eagine 

935 

9 

8 

8% 

Ampex 

824 

321^ 

307/^ 

31% 

Gea  Tel  t  Elec 

757 

29 

28% 

281/4 

Gen  Electric 

687 

841/4 

80 

84 

RCA 

649 

64 

61V8 

63% 

Westingheuse 

541 

55V2 

53V8 

55% 

Gea  Dyaaniies 

504 

48V2 

44% 

45% 

Sperry  Rani 

474 

22V2 

2IV2 

221/4 

Uaiv  Ceatrols 

445 

16 

14% 

15% 

Palarae 

420 

32V2 

281/2 

32V8 

lat'l  Tel  t  Tel 

413 

41V8 

39% 

41% 

Laral 

412 

102V4 

92V4 

96% 

Cakic  Carp 

375 

651/2 

56 

63% 

Beckmaa  last 

362 

921/4 

87 

92% 

Lear  lac 

352 

201/2 

19% 

19% 

Natieaal  Viiea  A 

349 

19V2 

17% 

184k 

Cellias  Ra<ie 

339 

62% 

59V8 

61% 

Zeaith 

312 

118% 

no 

1121/4 

Fairckiie  Caaiera 

300 

192% 

173% 

192% 

Littaa  lap 

296 

88% 

827/8 

82% 

Raytheaa 

289 

40% 

381/2 

387/8 

Alaiiral 

276 

161/8 

14% 

15V8 

Waltbaai  Precis 

272 

2% 

21/8 

2% 

The  above  figures  represent  sales  of  electronics 
stocks  on  the  New  York  and  American  Stock 
Exchanges.  Listings  are  prepared  exclusively  for 
Electronics  by  Ira  Haupt  &  Co.,  investment 
bankers. 


[j  ARMAG^PROTECTED 
,i  DYNACOR® 

I  BOBBIN  CORES 
i]  AT  NO  EXTRA  COST! 


Tough-as-tortoise-shell  Armag  ar¬ 
mor  is  an  exclusive  Dynacor  de¬ 
velopment.  It  is  a  thin,  non-me- 
tallic  laminated  jacket  for  bobbin 
cores  that  replaces  the  defects  of 
nylon  materials  and  polyester 
tape  with  very  definite  advantages 
—and,  you  pay  no  premium  for 
Armag  extra  protection. 

Tough  Armag  is  suitable  for  » 
use  with  normal  encapsulation 
techniques  on  both  ceramic  and 
stainless  steel  bobbins.  It  with-  ,, 
stands  180®C  without  deteriora¬ 
tion— is  completely  compatible 
with  poured  potted  compounds— 
has  no  abrasive  effect  on  copper 
wire  during  winding— fabricates 
easily  to  close-tolerance  dimen¬ 
sions— inner  layer  is  compressible  ^ 
to  assure  tight  fit  on  bobbin— does 
not  shrink,  age  or  discolor. 

Write  for  Engineering  Bulletins 
DN  1500,  DN  lOOOA,  DN  1003  ^ 
for  complete  performance  and 
specification  data  covering  the 
wide  range  of  Dynacor  low  cost 
Standard,  Special  and  Custom 
Bobbin  Cores-all  available  with 
Armag  non-metallic  armor. 


*TflAOCMAHK 


DYNACOR,  INC. 


A  SUBSIDIARY  OF  SPRAGUE  ELECTRIC  CO. 

1006  Wntmer,  Av«.  ■  ReckvilU,  Maryland 
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AIR  EXPRESS,., 
FIRST  ON,  FIRST  OFF 
,  ,  ,  FIRST  CHOKE 

nationwide: 


Air  Express  goes  where  the  jets  go.  It  has  ever 
since  the  first  commercial  jetliner  roared  skyward. 
But  600  mph  speed  is  just  one  more  reason  pro- 
gressive  businesses  hail  Am  EXPRESS  as  America’s 
modern  way  of  doing  business;  there  are  others: 

Like  the  sure  knowledge  that  Am  EXPRESS  gets 
first  priority  treatment  on  all  35  of  the  nation’s 
scheduled  airlines.  It’s  always  first  on,  first  off-~ 
with  new  loading  systems  tailored  to  the  jet  age, 
and  kid -glove  handling  every  mile  of  the  way. 

electronics 


as  ever  Other  reasons?  Dependable  overnight  delivery  That’s  why,  more  than  ever,  it  pays  to  think  fast, 

kyward.  to  more  than  20,000  communities.  Prompt  pickup  think  Air  EXPRESS  first  One  phone  call  is  all  it 

on  pr0‘  and  delivery  service  by  the  Air  EXPRESS  fleet  of  takes  to  enlist  the  skills  of  thousands  of  AlR 

nerica’s  trucks  —  many  radio  -  dispatched  for  maximum  EXPRESS  specialists  —  and  speed  your  product 

others:  speed.  Immediate  confirmation  of  delivery,  too,  via  FIRST  TO  MARKET. . .  FIRST  TO  SELL  I 


^SS  gets 
nation's 
st  off- 
jet  age, 
way. 


tife  giant  Air  ExPRESS-operated  teletype  network. 

^d,  in  some  areas,  helicopter  service  links  small 
airfields  with  major  terminals. 

^  CALL  AIR  EXPRESS  DIVISION  OF  RAILWAY  EXPRESS  AGENCY  •  GETS  THERE  FIRST  VIA  U.  S.  SCHEDULED  AIRUNES 
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MARKETING 


Antisubmarine  Warfare  Market 
Winning  Strong  New  Support 


ASW  Money  for  Electronics 
FY  1961 

$500 - |ipvpmiiiWBiPNPHi| 

MILLION  1 


THREAT  POSED  by  USSR  submarines 
should  spark  about  $500  million 
worth  of  antisubmarine  warfare 
contracts  for  electronic  equipment 
in  fiscal  1961  and  result  in  contract 
awards  at  similar  high  levels  for 
several  years  to  come. 

Defense  officials  consider  enemy 
submarines  a  powerful  threat  and 
have  given  ASW  programs  top 
priority. 

“One  of  the  gravest  threats  we 
face  is  the  powerful  Soviet  sub¬ 
marine  force.”  says  Adm.  Burke, 
chief  of  naval  operations.  “ASW 
carries  a  priority  second  only  to 
Polaris,”  says  Navy  Secretary 
Franke.  “This  (ASW)  is  a  place 
where  we  really  ought  to  splurge,” 
says  Representative  Mahon,  chair¬ 
man  of  the  House  Subcommittee  on 
Appropriations. 

Latest  Navy  budget  for  fiscal 
1961  contains  $1.8  billion  for  ASW. 
This  figure  includes  $1.S64  billion 
originally  requested  for  the  new 
year,  $343  million  for  ASW  ship 
construction  left  from  last  year  and 
$100  million  of  additional  research 
and  development  money  tacked  on 
to  the  budget  by  Congress. 


FIGURES  OF  THE  WEEK 

•f  - 
Units 

•  Production 

4S0  -  Week  of  8-5 

|l  S  SOUKE:  EIA 

"ii  HP! 

*! 

30.  1-  |j  „•! 

1 1  r*^26i 

250  -  I  *  5 . 

Radio  Sets  Total. as  If 
^  TV  Sets  {! 

Auta  Wt  tF  MfnTt  ta.«  W 


Radio  Sets  Total 
TV  Sets  .... 
Auto  Sets  if 
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ASW  portion  of  Navy  budget  last 
year  was  $1.3  billion.  In  fiscal  1959 
it  was  $1.6  billion.  Known  Navy 
ASW  needs  for  which  no  money  has 
yet  been  appropriated  amount  to 
over  a  billion  dollars. 

ASW  programs  this  year  stress 
oceanography,  ocean  surveillance 
systems,  detection  and  classification 
and  weapons  development. 

The  estimated  $500  million  avail¬ 
able  for  electronics  procurement  in¬ 
cludes:  For  special  ASW  electronic 
procurement,  $25.5  million;  40  per¬ 
cent  of  the  $280.5  million  available 
for  research,  development,  test  and 
evaluation;  15  to  20  percent  of  all 
planned  ASW  aircraft  commit¬ 
ments,  which  amount  to  $340.1  mil¬ 
lion;  10  percent  of  ship  con.struc- 
tion  funds  which  total  $1  billion; 
an  unidentified  part  of  $.56  million 
scheduled  for  ASW  ordnance  and 
ammunition. 

Some  of  the  electronic  equipment 
Navy  is  now  buying:  SQS-23  sonars 
and  variable  depth  sonars,  data 
converters  and  radio  control  equip¬ 
ment  for  the  DASH  weapons  sys¬ 
tem,  and  a  new  accurate  range  rate 
recorder  for  shipboard  .sonars. 

For  submarines  there  are  com¬ 
munications  buoys,  acoustic  data- 
gathering  equipment,  sonar  IFF 
equipment,  and  a  secure  communi¬ 
cation  .system.  For  aircraft:  new 
improved  sonobuoys,  .Julie  Jezebel 
readout  equipment  and  new  high- 
powered  dipping  sonars  for  heli¬ 
copters. 

However,  the  important  part  of 
the  antisubmarine  effort  is  really 
research,  aimed  at  better  identifica¬ 
tion.  detection  and  communication, 
and  all  aspects  of  commanding,  con¬ 
trolling  and  operating  the  systems 
for  detecting,  identifying  and 
destroying  the  enemy. 

Major  portion  of  research  effort 
is  to  increase  acoustic  detection 
range.  Of  the  more  than  100  anti¬ 
submarine  warfare  research  proj¬ 
ects,  about  one-half  are  concerned 
with  acoustics  and  oceanography. 

Of  the  $280.5  million  scheduled 


$200- 


Source:  Estimated  by  ELECTRONICS 


for  research,  development,  test  and 
evaluation  in  FY  1961,  about  half 
is  ear-marked  for  classification,  de¬ 
tection  and  localization  studies; 
one-fourth  for  weapons,  ordnance 
and  fire  control;  15  percent  for 
vehicles  and  propulsion  equipment, 
10  percent  for  collateral  support 
investigations. 

U.  S.  exports  of  electronic  equip¬ 
ment  in  the  first  quarter  of  this 
year  show  a  gain  of  nearly  6  per¬ 
cent  over  the  same  period  last  year. 
Total  value  of  exports  was  $99.1 
million  in  the  first  three  months  of 
1959  and  $104.7  million  in  the  first 
quarter  of  1960,  according  to 
monthly  reports  issued  by  the  U.  S. 
Department  of  Commerce. 

Despite  overall  increase,  however, 
analysis  of  individual  commodity 
groups  shows  a  decrease  in  dollar 
value  of  23  of  the  43  groups. 
Batteries  were  down  40  percent, 
radio-phono  combinations  down  41 
percent  and  radios  down  20  per¬ 
cent.  Decreases  showed,  too,  for  tv 
camera  tubes  (66  percent),  picture 
tubes  (37  percent),  inductors  (26 
percent)  and  phonographs  and 
parts — other  than  coin  operated — 
down  18  percent. 

Gains  ranging  from  39  to  71  per¬ 
cent  were  made  by  all  instruments, 
and  special-purpose  tubes  were  up 
68  to  81  percent.  Semiconductors 
gained  60  percent,  capacitors  and 
resistors  25  and  34  percent  respec¬ 
tively,  Detection  and  navigation  ap¬ 
paratus  increased  by  69  percent, 
computers  and  parts  by  20  percent 
and  nuclear  devices  by  49  percent. 
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components  into  your 
SCR  circuits 


Hundreds  of  circuits  have  successfully  proved  out  the  Gen¬ 
eral  Electric  semiconductors  listed  here  as  companions  to 
the  silicon  controlled  rectifier.  In  fact,  General  Electric 
used  tliese  very  same  components  in  developing  and  per¬ 
fecting  the  revolutionary  SCR.  You  capitalize  on  G.E.’s 
three  years  of  unequalled  SCR  experience  when  you  choose 
compatible  G-E  components.  Together  they  form  a  sea¬ 
soned.  smooth-running  team  that  will  enhance  the  per¬ 
formance  and  reliability  of  your  designs. 

And  remember,  only  G-E  medium  current  rectifiers  give 
you  freedom  from  thermal  fatigue  (only  hard  solders  are 
used) ;  transient  PRV  ratings  that  save  you  money;  reverse 
polarity  for  common  heat  sink  mounting ;  and  very  low  re 
verse  leakage  current  for  operation  in  series  with  SCR’s, 

For  detailed  information  on  SCR  theory,  ratings  and  ap 
plications,  send  $1.00  for  General  Electric's  new  Con 
trolled  Rectifier  Manual.  Also  at  many  G-E  Distributors 


GENERAL 


Hi 

If  using 
G-E  SCR 
Typ* 

U««  G-E 
Ructifiur  Typu 

Max. 
Cont. 
Currant  @ 
Stud  Tamp. 

Rook  1 
Cycia 
Surga 

Max. 

Trans. 

RRV 

Stud  Hax. 

Situ 

CIO 

1NI341A-IN134SA 

7A  @  140C 

130A 

800V 

7/16" 

C11 

IN1341A-1N1348A 

7A  @  140C 

1S0A 

800V 

7/16" 

C35 

1N1199A-1N1206A* 

IN2154.1N2160* 

12A  130C 

25A  @  14SC 

240A 

300A 

800V 

800V 

7/16" 

11/16" 

CM 

1N134IA-1N1348A 

INI199A-1NI206A* 

7A  @  140C 
t2A  @  130C 

130A 

240A 

800V 

800V 

7/16" 

7/16" 

C40 

1NimA-1N134«A 

1N21S4-1N21M* 

12A  @  1S0C 

240A 

800V 

7/16" 

C50 

4JA60* 

SOA  @  160C 

900A 

500V 

1-19/32"  Dia. 

Housing 

ZJSOl 

4JA62* 

SOA  @  HOC 

900A 

500V 

1-19/32"  Dia. 
Housing 

^■11 

niiimiiii 

*  Stack  AsMinblitt  Avoilobl* 
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Semiconductor  Products  Dept.,  Electronics  Park,  Syracuse,  N.  Y. 


August  26,  1960 


CIRCLE  25  ON  READER  SERVICE  CARD  25 


ALL  PSI 

ZENER 

DIODES 

ARE 

100% 

SCOPE- 

CHECKED 


(EPSI  POLICY  OF  100%  OSCILLOSCOPE  TESTING  OF  ALL  ZENER  diodes 
i:  assemblies  is  your  protection  against  circuit  instability  due  to  double 
eak,  soft  knee,  hysteresis  and  the  many  other  "ailments"  commonly  found 
less  carefully  screened  zener  diodes.  Reliability  and  electrical  performance 
^substantially  higher  power  dissipation  of  500  mW  make  this  broad  line 
lener  diodes  well  worth  your  early  investigation.  Tight  leakage  at  75%  or 
f:  of  zener  voltage  may  be  specified  when  ordering. 

•V!  LOW  VOLTAGE  REGULATING  DIODES ..  .1.5  TO  3.0  VOLTS.  These 
types  are  characterized  by  extremely  lov/  dynamic  impedance  and  ex- 
Operating  temperature  range.  Available  in  ±5%  and  ±2%  types. 
,;ed  and  compact,  the  units  measure  3/8"  diameter  by  .53"  long  and  are 
'  ="ed  with  wire  leads  for  easy  mounting  on  printed  circuit  boards. 

VOLTAGE  REGULATORS— PSI  offers  the  highest  surge,  power  and 
;nt  rating  of  any  subminiature  regulator  available. 

li'.TAGE  REFERENCE  DIODES— These  six  types,  with  nominal  voltage 
"dOg  from  6.8  to  40.8  volts,  provide  a  temperature  coefficient  of  less  than 
-  i/°Cand  by  specifying  version  "A"  can  be  supplied  at  less  than  .0025%/°C. 

All  types  available  now  in  production  quantities 

hifie  Seniicoiidiwtors,  Inc. 

Subsidiary  of  Thompson  ramo  wooldridge  inc. 

12955  .Chadron  Avenue,  Hawthorne,  California 

in:  NEWARK  •  BOSTON  •  DE  WITT.  N.Y.  •  OTTAWA  •  BALTIMORE  •  CHICAGO  (Oak  Park) 
•^HIA  (Rockledoe)  •  ST.  PETERSBURG  •  DALLAS  •  DETROIT  .  LOS  ANGELES  •  PALO  ALTO 

Authorized  distributors  coast-to- coast 


MOmW  KIWCR  DISSIPATION 


PSI 

Type 

Number 

Elect. 

Equiv. 

Zener  Voltage 
«5mA  «25'C 

Maximum 

Dynamic 

Resistance 

(ohms) 

1 

Maximum 

Inverse  Current 

At 

Inverse 

Voltage 

(V) 

Ej  Min. 

(V) 

Ez  Max. 
<v) 

lb  •2S*C 

(mA) 

Ip  aioirc 

<r.A) 

PS6466 

1N466 

2.0 

3.2 

60 

75 

100 

1 

psaeoa 

1N466 

3.0 

3.9 

55 

so 

100 

1 

PS6467 

1N467 

3.7 

4.5 

45 

5 

100 

1 

pseaea 

1N468 

4.3 

5.4 

35 

5 

100 

1.5 

PS6469 

1N469 

5.2 

6.4 

20 

5 

in 

1.5 

PS6470 

1N470 

6.2 

6.0 

to 

5 

50 

3.5 

1.  Measured  at  10mA  DC  Zener  current  with  1mA  RMS  signal  superposed. 

Also  available  PS6313^18  covering  7.5v  to  27v  Zener  Voltages. 

PSI 

Type 

Number 

Elect. 

Equiv. 

Zener  Voltage 
•200  pA  •25'C 

Maximu 

Cu 

n  Inverse 
rent 

l  b  •100'C 
UA) 

At 

Inverse 

Voltage 

_ 

Ex  Min. 

(V) 

Ez  Max. 

lb  •25*Cn 
(pA) 

PS6313 

_JN1313 

7.5 

10 

.5 

5 

6.8 _ 

PS63U 

1N1314 

9 

12 

5 

8.2 _ 

_PS6315 

1N1315 

11 

14.5 

.5 

S  - 

m _ 

i  PS6316 

1N1316 

13.5 

18 

.5 

5  _ 

_ 11.0  _ 

1  PS6317 

1N1317 

17 

21 

.5 

5 

15.0  _ 

;  PS6318 

1N1316 

20 

27 

'  .1 

'  10  ” 

18.0 

EIA 

Type' 

Zener 

Voltage 

Ez  (Volts)* 

Max.  Inverse 

Current 

Ea-  -IV 

pa 

Max. 

Dynamic 

Resistance 

lz>20mA 

Ixc^lmA 

Ohms 

25*C 

150*C 

(Max.) 

1  1N746 

3.3 

10 

30 

26 

j  1N747 

3.6 

10 

30 

24 

1N748 

3.9 

10 

30 

23 

1  1N749 

4.3 

2 

30 

22 

1N7SO 

4.7 

2 

30 

19 

1  1N751 

u 

20 

17 

1N752 

5.6 

1 

20 

17 

1N753 

0.2 

0.7 

20 

7 

1N754 

6.8 

0.7 

20 

5 

1N7S6 

7.5 

0.1 

20 

6 

1N756 

8.2 

0.1 

20 

8 

1N757 

_ ^1 _ 

0.1 _ 

20 

10 

1N758 

10.0 

0.1 

20 

17 

1N759 

12.0 

0.1 

20 

30 

1.  ±1094  Zener  Voltage  Tolerance.  2.  Ez  measured  at  Test  Current  l{*20mA.  All  of 

the  above  types  can  be  supplied  in  ±5%  Tolerance.  Add  "A” 
units  with  Tolerance  of  center  Zener  Voltage  Value. 

suffix  to  Indicate 

LOW  VOLTAOC  RSeULATORS 


PSI 

Type 

Ef  +  1mA 
(volts) 

1  +  1 

min.  (mA) 

Max.  Oyn.  Res. 
01mA  (ohm) 

lb  025*C 
(^A)  Max. 

IN912 

0.62  ±  10% 

100 

60 

1.0®  -5v 

1N913 

0.62  ±  10% 

250 

60 

5.0  O  -5v 

VOLTASi  RSnWCNCC  DIOOfS 


1 

EIA 

Type 

Number 

REFERENCE  VOLTAGE 
•  7.SmA  @S*C 
(volts) 

Max.  Voltage 
change  from 

2S*C  Reference 
Voltage  (volts) 
-56*C  to  +100*0 

Max.  Dynamii 
Resistance 
(ohms) 

Min.  ; 

Avg.  1 

Max. 

1N2766« 

^  6.46  ■ 

6.80  1 

7.14 

±0.050 

20 

1N2766 

1  12.92  ~ 

13.80  1 

14.28 

±0.100 

40 

1N2767 

1  19.38 

20.40 

21.42 

±0.150 

60 

1N2768 

1 

[  27.40 

28.56 

^  ±0.200 

80 

lN27e9 

kIo 

34.00 

p  35.70 

i  ±0.250 

ICO 

1N2770 

1  38.76 

i  40.80 

1  42.84 

1  ±0.300 

1 

120 

1.  Miiturad  with  1mA  AC  superimposed  on  7.SmA  DC. 

Mw.  Operating  Temp.  @  Ij  «  7.5mA:  -66'C  to  +175*0. 
Also  available  in  "A”  version— .0025% /’C. 
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In  Computers  and  Data  Processing  Consoles  •  •  • 

Svery  touch  of  a  Switch 

is  a  test  of  your  equipment! 

The  design  of  switches  for  complex  electronic  equipment 
is  a  specialty,  one  place  where  you  can  save  valuable 
engineering  design  time  and  insure  reliable  input. 

But,  don’t  stake  your  reputation  on  less  than  the 
finest.  MICRO  SWITCH  precision  and  reliability 
will  safeguard  your  performance  standards. 


Consult  the  Yellow  Pages  for  the  location 
of  the  nearby  MICRO  SWITCH  branch  office. 
Engineering  assistance  is  available  without  obligation. 
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New  MICRO  SWITCH  Synchronized  One-Shot  switch 
circuit  assemblies  save  engineering  time  and 
equipment  rack  space 


New  Synchronized  One-Shot  push-button 
switch  circuit  assemblies  for  use  in  pulse  and 
digital  systems  save  design  time  required  to 
develop  flip-flop  and  gating  networks. 

The  new  MICRO  SWITCH  ‘TPB700” 
series  assemblies  have  a  special  electronic  cir¬ 
cuit  that  generates  a  single  square  wave  out¬ 
put  pulse  in  synchronism  with  an  external 
clock  pulse  with  each  operation  of  the  push 
button.  They  can  be  used  with  clock  pulse 
frequencies  from  4  kc  to  500  kc. 

The  electronic  circuit  is  an  integral  part 


of  the  push-button  switch,  resulting  in  a 
saving  of  equipment  rack  space.  All  circuit 
components  are  sealed  in  resilient  potting 
material  to  insure  protection  from  physical 
damage. 

Three  assemblie;  in  the  new  series  are 
patterned  to  fit  a  wide  variety  of  d-c  supply 
voltages  and  clock  pulse  rise  times,  voltages 
and  frequencies.  They  can  be  applied  to  man¬ 
ual  loading  of  magnetic  drums,  setting  and 
resetting  flip-flops,  and  checking  ring  count¬ 
ers.  Ask  for  Data  Sheet  172. 


MICRO  SWITCH  modular  lighted  push-button 
switches  can  be  customized  for  complete 
design  flexibility 


tools.  They  perform  both  control  and  indi¬ 
cator  jobs  to  save  panel  space. 

Select  from  48  different  units  and  16 
mounting  barriers.  Forty  color  display  screens 
include  lateral  and  longitudinal  divisions. 
Available  as  operator-indicator  switch  units 
or  indicator  units  only.  Ask  for  Catalog  67. 


Give  your  control  panel  the  finest  in  styling 
with  the  customizing  that  will  precisely  fit 
your  control  and  display  functions. 

MICRO  SWITCH  “Series  2”  lighted  push¬ 
button  switch  modules  simply  snap  together 
to  match  your  styling  requirements,  then  snap 
into  slots  in  the  mounting  panel— all  without 


MICRO  SWITCH  precision  toggle  switches  offer  you 
the  exact  control  arrangements  you  need 


MICRO  SWITCH  manufactures  hundreds 
of  different  toggle  switches  and  toggle  switch 
assemblies.  They  are  available  with  2  or  3 
operating  positions,  1  or  3-hole  mounting 
and  a  variety  of  circuitry  and  electrical  rat¬ 


ings.  All  have  enclosed  type  contacts.  Ask 
for  Catalog  73. 

A  new  “400”  Series  Toggle  Switch  is  now 
available  with  a  paddle-shaped  tab  which  can 
be  numbered  or  color-coded  as  an  indicator. 


MICRO  SWITCH  door  interlock  switches  assure 
maximum  safety  during  maintenance 


MICRO  SWITCH  door  interlock  switches 
are  installed  on  high  voltage  cabinets  to  auto¬ 
matically  cut  the  power  circuit  when  the 
cabinet  door  is  opened  for  repairs  or  testing. 

Safety  position  adds  protection  against 
tying  down”  or  wiring  around  a  conven¬ 


tional  switch  which  might  be  forgotten  after 
service  is  completed.  By  manually  pulling  the 
plunger  out  to  the  maintained-contaa  posi¬ 
tion,  you  close  circuit  for  checking.  When 
door  is  closed,  plunger  automatically  returns  to 
normal  operating  position.  Ask  for  Catalog  63. 
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MICRO  SWITCH  .  . .  FREEPORT,  ILLINOIS 
A  division  of  Honeywell 

In  Canada:  Honeywell  Controls  Limited,  Toronto  17,  Ontario 


New  Developments  in  Computers 

First  six  months  of  1960  saw  more  than  a  dozen  new  systems  enter  the  mar¬ 
ket,  plus  data-communications  devices,  peripheral  equipment 


By  FRANK  LEARY 

Associate  Hditor 

WITH  THE  YEAR  half  over,  the  com¬ 
puter  industry  is  exhibiting  a 
mixed  appearance.  There  have  been 
many  new  installations  in  the  last 
six  months,  and  more  to  go  in  every 
week;  but  the  rate  is  slowing. 
Countering  this  are  new  capabili¬ 
ties  and  flexibilities,  and  many  new 
systems,  which  are  attracting  new 
buyers. 

Pace  of  new  installations  during 
the  first  half  of  the  year  is  about 
half  that  of  1959.  Middle-sized 
computers  have  fared  better  than 
either  small  or  large  ones  in  per¬ 
centage  of  increase;  of  the  more 
than  800  medium-sized  systems  cur¬ 
rently  installed,  about  200  went  in 
this  year. 

About  100  large  systems  have 
gone  in,  bringing  total  installations 
to  more  than  600.  The  population 
of  small-scale  general-purpose  sys¬ 
tems  now  approaches  3,000  in¬ 
stalled,  of  which  more  than  400 
went  in  this  year. 

This  pace — good  as  it  is — is 
slower  than  the  installation  rate 
last  year  when  the  computer  popu¬ 
lation  at  least  doubled.  Informed 
industry  opinion  figures  that  de¬ 
layed  reaction  from  the  1958  reces¬ 
sion  is  one  cause.  Another  is  un¬ 
doubtedly  caution  inspired  by  fear 
of  obsolescence. 

With  almost  all  computermakers 
praising  their  newest  — and  yet  un¬ 
tried — systems  to  the  implicit  dis¬ 
paragement  of  older  products,  many 
businessmen  are  marking  time, 
waiting  for  the  transistorized  sys¬ 
tems  to  prove  out  in  use. 

Several  factors  are  influencing 
the  market  for  the  better.  Besides 
new  and  improved  data-processing 
systems,  data  transmission  over 
commercial  lines  or  by  microwave 
is  attracting  much  attention.  Sev¬ 
eral  systems  for  carrying  computer 
data  rapidly  from  one  place  to  an¬ 
other  have  recently  been  announced. 
Improvements  in  peripheral  gear 
also  are  helping  attract  buyers. 


New  computer  systems  entering 
the  market  in  the  last  six  months 
include,  in  the  large-scale  category, 
IBM’s  7074  and  7080,  RCA’s  601, 
the  Univac  III,  Control  Data  Corp.’s 
CDC1604  and  the  Bendix  G20. 

New  medium-sized  systems  in¬ 
clude  General  Electric’s  GE225,  the 
Honeywell  400  and  Royal  McBee’s 
RPC9000.  Among  small  systems, 
the  CDC160  of  Control  Data,  the 
Monrobot  XI,  RCA’s  301,  Royal 
McBee’s  RPC4000  and  Packard 
Bell’s  PB250  are  new. 

Deliveries  of  these  systems  so 
far  are  limited  to  three  CDC1604s, 
one  RPC9000,  one  CDC160  and  four 
Monrobot  XIs,  according  to  a  recent 
census.  The  same  count  also  reveals 
that,  among  previously  announced 
systems,  no  IBM7080s  or  Honey¬ 
well  800s  have  as  yet  been  Installed. 

Installations  of  National  Cash 
Register’s  NCR304  system  (with 
central  computer  and  some  other 
electronics  made  to  order  by  GE) 
have  started  this  year,  as  have  in¬ 
stallations  of  the  Philco  2000  and 
IBM7070. 

Of  the  new  systems  just  entering 
the  market,  none  marks  a  radical 
departure  from  previously  an¬ 
nounced  technology.  IBM’s  7074  is 
an  outgrowth  of  the  7070,  made  by 
replacing  three  modules  of  the  older 
computer  with  two  faster  modules. 
The  company  says  the  7074  is  twice 
as  fast  as  the  7070  for  business 
processing,  up  to  20  times  as  fast 
for  scientific  work. 

Remington  Rand  says  its  Univac 
III  has  a  processing  speed  nine 
times  faster  than  the  Univac  II.  It 
is  an  all  solid-state  system,  using 
both  transistors  and  high-speed 
magnetic  amplifier  circuitry.  Fast 
tape  units  permit  a  data-transfer 
rate  on  input  and  output  of  133,000 
alphanumeric  or  200,000  numeric 
characters  a  second. 

Systems  for  bank  bookkeeping 
are  catching  on  fast.  Burroughs 
says  some  60  of  its  visible-record 
computers  are  on  order;  an  undis¬ 
closed  number  of  IBM’s  bank  sys¬ 
tems  has  also  been  ordered.  Gen¬ 


eral  Electric  has  installed  two  of 
its  GE210  bank  systems,  one  for 
California’s  giant  Bank  of  America, 
the  other  for  the  First  National 
Bank  of  Arizona. 

There  are  several  developments 
in  data-communications.  IBM’s 
1009  data-transmission  unit  per¬ 
mits  the  company’s  small  1401  com¬ 
puters — of  which  some  3,000  are 
reported  on  order — to  enter  into 
direct  memory-to-memory  commun¬ 
ication  with  each  other  over  tele¬ 
phone  lines.  Data  flows  at  150 
characters  a  second  from  the  core 
storage  of  the  1401  through  a  1009 
unit  into  a  modulating  subset  pro¬ 
vided  by  the  utility  company. 

After  passing  over  telephone  or 
telegraph  lines,  the  information 
goes  through  a  demodulating  sub¬ 
set,  through  another  1009  and  to 
the  core  storage  of  the  receiving 
1401.  Operators  using  telephone 
facilities  merely  dial  the  number 
of  the  receiving  office,  switch  on  the 
subset,  and  hang  up  when  the  data 
transfer  is  concluded. 

Collins  Radio  has  built  two  data- 
transmission  systems.  One.  a  mag¬ 
netic-tape  system,  connects  Army’s 
Signal  Supply  Agency  in  Philadel¬ 
phia  to  a  signal  depot  in  Lexington, 
Ky.,  650  miles  away.  The  other 
links  a  Douglas  Aircraft  engineer¬ 
ing  department  in  Charlotte,  N.  C., 
to  the  Douglas  computing  center 
2,200  miles  distant  in  Santa  Monica, 
Calif.  Each  can  transmit  data  at 
300  characters  a  second  over  com¬ 
mercial  telephone  lines.  The  Doug¬ 
las  link  uses  punch-card  data;  the 
Signal  Corps  hookup  transmits  di¬ 
rectly  between  IBM  magnetic-tape 
units. 

Telautograph  Corp.  has  installed 
an  interrogation  system  using 
standard  teletypewriter  lines  and 
Olivetti  interrogating  sets  to  per¬ 
mit  20  remote  locations  to  get  in¬ 
formation  from  an  IBM  Ramac 
computer  installed  at  Lockheed  s 
big  West  Coast  plant. 

IBM’s  data-transmission  system 
(see  photo)  permits  transfer  of 
card-punched  data  over  telephone 
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IBM  tool  data-transmission  system  connects 
card  reader  and  keypunch  to  remote  card- 
punching  unit  by  commercial  telephone  lines 


lines,  also  can  be  used  to  enter  new 
data  from  a  keypunch  through  the 
same  remote  unit.  Receiving  sta¬ 
tion  is  a  card  punch  modified  with 
a  data  translator.  Modulating  and 
demodulating  subsets  are  provided 
by  the  telephone  company ;  the  tele¬ 
phones  can  also  be  used  for  normal 
voice  communications.  Transmis¬ 
sion  speed  for  punched  cards  is 
about  12  columns  a  second. 

Motorola  has  developed  a  data- 
transmission  multiplex  system  cap¬ 
able  of  .sending  62,000  characters  a 
second  by  microwave  relay.  System 
works  from  magnetic-tape  input, 
converts  data  recorded  in  parallel 
to  serial  form,  inserts  timing  pulses 
to  separate  alphanumeric  charac¬ 
ters.  A  single  wideband  subcarrier 
is  used  for  the  data.  A  parallel- 
transfer  system  using  several  sub¬ 
carriers  has  also  been  developed; 
systems  in  use  can  transmit  data  at 
15,000  characters  a  second. 

New  types  of  auxiliary  equip¬ 
ment  have  increased  the  flexibility 
and  speed  of  data-processing.  IBM 
is  producing  a  device  to  convert  data 
punched  on  paper  tape  directly  onto 
magnetic  tape  for  computer  use. 
Machine  reads  standard  5-level  or 
IBM  8-level  code  at  150  characters 


a  second,  writes  7-track  magnetic 
tape  of  the  type  used  in  IBM  data- 
processing  equipment. 

Univac  III  came  onto  the  market 
able  to  work  with  magnetic  tape  or 
a  700-card-a-minute  card  reader, 
can  also  convert  card-punched  or 
paper-tape  data  onto  magnetic  tape. 
Printers  working  with  currently 
marketed  big  systems  are  com¬ 
monly  in  the  500-,  700-,  or  1,000- 
line-a-minute  class. 

New  device  recently  released  by 
IBM,  called  the  870,  permits  a  user 
to  type  a  document  in  two  copies, 
simultaneously  record  the  same  in¬ 
formation  on  two  punch  cards  and 
one  paper  tape. 

Other  recent  work  is  stressing 
the  reduction  in  size  of  electro¬ 
mechanical  components,  to  match 
the  reductions  afforded  in  electronic 
gear  by  transistorization. 

IBM  recently  announced,  for  ex¬ 
ample,  the  development  of  a  6-oz 
drum  3  in.  long  and  3  in.  in  diam¬ 
eter  (see  photo)  that  can  hold 
100,000  bits  of  information.  The 
drum  spins  at  6,000  rpm;  heads  are 
embedded  in  slider  bearings  that 
float  on  the  airstream  0.0001  in. 
away  from  the  drum  surface. 

Many  computers  produced  here¬ 


tofore  are  memory  limited;  the 
high-speed  processing  capabilities 
are  held  up  by  requirements  of 
memory  lookup,  latency,  readout 
and  regeneration,  and  so  forth.  In¬ 
creased  high-speed  core  storage  has 
helped  minimize  this  problem.  In 
its  new  1401  system,  IBM  offers  a 
basic  4,000-character  storage;  to 
increase  the  small  system’s  flexi¬ 
bility,  the  company  added  a  1406 
storage  unit  which  can  expand  the 
memory  to  16,000  characters.  Uni¬ 
vac  III  has  16,384  words  of  core 
storage  which  can  be  expanded  to 
double  that  capacity. 

Automatic  program  -  interrupt 
features  which  permit  the  program¬ 
mer  to  interlace  several  problems 
and  program  the  priority  of  the 
procedure  have  been  added  to  most 
large  systems.  The  Philco  2000, 
CDC1604,  Univac  III  and  most  of 
the  other  large  systems  entering 
the  market  contain  this  capability. 

Programming  in  general  is  now 
being  recognized  as  an  essential 
part  of  computer  manufacture. 
Compiling  routines  are  designed  as 
part  of  new  systems  prior  to  their 
being  offered  for  sale.  GE’s  225, 
for  instance,  is  sold  with  a  general 
compiler  as  part  of  the  system. 
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Miniaturization  of  electromechanical 
components  is  demonstrated  by  this  new 
drum,  capable  of  holding  100,000  bits 


Among  new  computers  is  this  medium-scale  data-processing  system 
from  General  Electric,  designated  the  GE225 
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Dl'trihution  of  electronics  reps.  Figures  represent  percentage  of  U.S.  total  in  each  region 

Manufacturers’  Reps  to  Sell  $2^/^  Billion 


By  EDWARD  DeJONGH 

Market  Research  Editor 

MANUFACTURERS’  REPRESENTATIVES 
will  sell  about  $2i-billion-worth  of 
the  products  manufactured  by  the 
U.S.  electronics  industry  this  year. 
The  figure  represents  25  percent  of 
total  factory-sales  volume  of  ap¬ 
proximately  $10  billion  anticipated 
by  the  industry  for  1960.  Last  year, 
rep  sales  totaled  $2.2  billion. 

Information  comes  from  Elec¬ 
tronics’  1960  Survey  of  Elec¬ 
tronics  Manufacturers’  Representa¬ 
tives,  and  provides  the  first  esti¬ 
mate  of  rep  sales  ever  made  from 
a  broad  sample  of  actual  sales  by 
rep  firms. 

Electronics  surveyed  1,450 
representatives,  including  1,150 
from  the  U.S.,  nearly  80  percent  of 
the  1,500  reps  who  serve  the  in¬ 
dustry  in  this  country.  Replies  were 
received  from  685  firms,  of  which 
656  were  from  the  U.S.  and  29  from 
foreign  sources,  mostly  from 
Canada  and  Mexico. 

Typical  rep  among  the  483  who 
supplied  information  on  expected 
sales  volume  for  1960  looks  for  a 
25-percent  sales  increase  over  1959, 
indicating  total  rep  sales  of  $2.8 
billion  for  the  year.  But  in  evaluat¬ 


ing  the  sampling,  allowance  was 
made  for  possibly  decreased  sales 
expectations  among  those  who  did 
not  reply.  Also,  many  estimates 
were  made  in  the  first  quarter  of 
the  year,  when  Soaring-Sixties 
thinking  was  stronger  than  it  is 
today. 

Survey  conclusions  check  with 
informed  opinions  in  electronics 
representative  circles.  Bill  Weber, 
executive  secretary  of  Electronic 
Representatives  Association,  says 
“Total  sales  of  the  reps  in  this 
country  had  previously  been 
roughly  estimated  at  between  $2J 
and  $3  billion.” 

Many  firms  are  thinking  of  1960 
sales  increases  far  in  excess  of  the 
25-percent  average.  A  sixth  of  the 
respondents  expect  at  least  a  50- 
percent  increase,  and  3  percent  of 
them  look  for  sales  to  double. 

Related  sales  information  un¬ 
covered  by  the  survey  shows  the 
1,500  firms  in  industry  employ 
6,055  salesmen,  an  average  com¬ 
plement  of  four  salesmen  per  firm. 

Sales  of  the  average-sized  firm 
in  1959  amounted  to  $1,464,000, 
with  the  average  salesman  turn¬ 
ing  in  business  worth  $367,000 
during  the  year. 

Geographical  distribution  of 


rep  organization  headquarters  has 
changed  little  in  the  past  year. 
Returns  from  the  current  survey 
show  that  67  percent  of  all  rep 
activity  is  centered  in  three  main 
regions.  The  Middle  Atlantic  region 
has  27  percent  of  all  U.S.  reps, 
the  East  North  Central  region  21 
percent,  and  the  Pacific  region  20 
percent  (see  map). 

Comparison  with  last  year’s  sur¬ 
vey  shows  the  three  leaders,  as  a 
group,  have  dropped  three  percent. 
Each  of  four  other  regions — New 
England,  South  Atlantic,  East 
South  Central  and  Mountain- 
made  gains  of  up  to  one  percent 
of  the  U.S.  total,  while  the  West 
South  Central  region  was  off 
slightly. 

Reps  are  continuing  to  maintain 
the  technical  level  of  their  person¬ 
nel.  As  in  last  year’s  survey,  90 
percent  of  the  respondents  said 
they  have  engineering  or  technical 
talent  with  special  knowledge  of 
electronic  equipment. 

Previously  growing  interest  in 
taking  on  additional  services  and 
functions  is  apparently  leveling  off. 
One  out  of  four  say  they  are 
equipped  to  service  electronic 
equipment,  about  the  same  ratio  as 
last  year.  Seventeen  percent  report 


electronics 


32 


they  are  willing  to  handle  contracts 
to  service  industrial  electronic 
equipment  in  their  territories;  in 
1959, 21  percent  expressed  the  same 
willingness. 

There  was  a  small  decline  in  the 
number  who  expressed  interest  in 
soliciting  business  from  jobbers. 
Percentage  was  down  from  69  per¬ 
cent  in  1959  to  67  percent  in  1960. 

It  has  been  previously  thought  that 
rep  activity  in  soliciting  jobber 
business  would  increase  this  year 
because  of  increased  activity  of 
jobbers  or  distributors  in  selling 
components  to  original  equipment 
manufacturers. 

However,  there  was  some  in¬ 
crease  in  the  percentage  of  jobber 
reps,  those  reps  who  spend  50  per¬ 
cent  or  more  of  their  sales  efforts 
on  jobbers.  Respondents  who  say 
they  distribute  their  effort  this  way 
numbered  21  percent,  up  a  percent¬ 
age  point  from  1959. 

Number  of  reps  with  storage  or 
warehouse  facilities  is  slightly  more 
than  half,  hardly  changed  from  last 
year. 

Five  hundred  representatives,  or 
three  out  of  four  respondents, 
mention  interest  in  acquiring  new 
manufacturers’  lines.  Components 
(not  specified  by  type)  are  most 
wanted  items,  with  371  mentions, 
followed  by  instruments  with  79. 
Most  popular  specific  components 
sought  are  relays,  transistors  and 
semiconductors,  capacitors,  connec¬ 
tors  and  microwave  components. 
Test  and  measuring  equipment  (not 
specified)  are  top  items  in  the  in¬ 
strument  group,  followed  by  meters 
and  oscilloscopes. 

Hi-fi  is  one  product  much  sought 
after  in  the  end-equipment  field. 
Computers  or  data-processing 
equipment  and  microwave  equip¬ 
ment  trailed. 

Among  replies  which  did  not  fit 
a  specific  product  group  were  43 
who  said  they  want  jobber  lines 
and  nine  who  would  like  to  add 
systems. 

era  has  just  completed  a  re¬ 
lated  survey  of  rep  operating  ex¬ 
penses  among  its  member  firms, 
which  shows  that  average  repre¬ 
sentative’s  net  profit  before  taxes 
in  1959  was  10.6  percent  of  total 
commission  income.  Largest  single 
Item  of  expense  in  the  89.4-percent 
overhead  total  was  salaries,  which 
account  for  49.1  percent  of  total 
commission  income. 


FREE  ANALYSIS 

OF  YOUR  DIFFICULT 
MACHINING  PROBLEMS 


.0025  MAX.  -d 
R.  TYP.  ■" 

25X  ACTUAL  SIZE 


Reproducible  precision  die 
solves  production  line  extrusion  problem 

PROBLEM:  Cut  accurately  reproducible  Y-shaped  slots  in  extrusion  dies.  Slots 
must  be  identical  to  assure  uniform  plastic  extrusions  which  are  drawn  to 
microscopic  thickness.  Die  material  is  316  s.s.  annealed  plate.  The  slot  is 
through  a  .012"  thick  section. 

SOLUTION:  A  Raytheon  Impact  Grinding  Analyst  recommended  and  designed 
special  ultrasonic  tooling  to  meet  required  tolerances  and  accurately  repro¬ 
duce  the  cavity  from  die  to  die.  Each  “leg"  of  the  Y  had  to  be  .005”  wide  x  .040” 
long  with  tolerances  of  ±  .0003". 

RESULT:  Uniform  extrusions  through  the  new  configuration  make  possible 
mass  production  of  quality  controlled  filaments. 

HOW  YOU  CAN  BENEFIT:  Whatever  your  difficult 
cutting,  slicing,  drilling  or  shaping  problem— in 
hard  or  brittle  material  —  your  Raytheon  Impact 
Grinding  Analyst  can  help  you  solve  it.  For  full 
details,  fill  out  the  enclosed  coupon  and  send  it 
in.  No  cost  or  obligation. 


£xc«//*nc«  in  Elneironics 


k! 


MAIL  THIS 
COUPON 
FOR  FREE 
ANALYSIS 

—  without 


obligation. 


TO:  RAYTHEON  COMPANY 

COMMERCIAL  APPARATUS  ANO  SYSTEMS  DIVISION 
DEPARTMENT  E2252 
1415  BOSTON-PROVIOENCE  TURNPIKE 
NORWOOD,  MASSACHUSETTS 

□  Please  send  me  literature  on  Raytheon 
Impact  Grinders. 

□  Please  have  a  Raytheon  Impact  Grinding  Analyst 
contact  me. 

My  problem  is:  (describe  metals  or  non-metals  involved, 
tolerances,  etc.) 


NAME- 


.STATE. 
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The  latest  addition  to  General  Electric’s  RTV 
family  offers  lower  viscosity  than  any  other  avail¬ 
able  silicone  rubber  compound  —  a  typical  vis¬ 
cosity  of  120  poises.  Easily  pourable,  it  flows 
freely  in  and  around  intricate  contours,  making 
it  ideal  for  protecting  electrical  and  electronic 
components. 

With  RTV’s  new  low  viscosity,  the  range  of 
G-E  RTV  compounds  now  extends  from  120  to 
12,000  poises.  You  can  now  meet  your  specific 
requirements  by  selecting  from  several  G-E  RTV 
compounds,  all  of  which  offer  room  temperature 
cure,  heat  and  ozone  resistance,  and  good  elec¬ 
trical  properties.  Write  for  a  free  test  sample, 
briefly  describing  your  application. 


GENERALi^  ELECTRIC 


CIRCLE  34  ON  READER  SERVICE  CARD 


Silicone  Products  Department,  Waterford,  New  York 

/ICE  CARD  CIRCLE  35  ON  READER  SERVICE  CARD^ 


liquid  silicone  rubber 

ISew  low  viscosity  for  easier 
encapsulation  and  impregnation 


Genera  E  ectnc  RTV 


Room 

Temperoture 

Vulconizing 


sight  amplifier  module  potted  with  RTV  by  the  Armament  and  Control 
Section  of  G.E.’s  Light  Military  Electronics  Department.  Used  on 
the  Lockheed  CF-104  and  F-104G  jet  aircraft,  RTV  provides  me¬ 
chanical  support  and  vibration  damping,  protects  unit  against  mois¬ 
ture  and  ozone.  (Bottom  photo  shows  module  befcre  potting.) 


High-voltage,  high-altitude  transformer*  from  Laboratory  For  Elec¬ 
tronics,  Inc.  are  encapsulated  with  General  Electric  RT\  to  meet 
MIL-T-27A  specs.  This  prevents  flashover  at  maximum  ratings  ol 
2200  volts  rms  and  80,(X)0  feet.  General  Electric  RTV  was  selected 
for  its  good  heat  transfer,  low  viscosity  and  mechanical  strengtn. 


General  Electric  silicone  rubber  used  extensively  by  Aerojet-General 
Corp.  for  the  Titan  ICBM’s  propulsion-system  wiring  harness.  Break¬ 
outs  and  junctions  molded  from  G-E  RTV,  wiring  is  silicone  insulated, 
jacketing  is  high-strength  G-E  silicone  rubber  —  all  chosen  for  their 
stable  insulating  properties,  resistance  to  temperature  extremes  and 
weathering,  and  stability  in  storage  for  many  years. 


o 


SARKES  TARZIAN 

SILICON  ZENER  VOLTAGE  REGOLATORS 

Tarzian  silicon  voltage  regulators,  commonly  called  zener  diodes,  are  constant 
voltage  devices  used  to  control  output  voltage  of  power  sources  and  as  voltage 
reference  elements  capable  of  operating  over  a  wide  temperature  range.  Hermetic 
sealing  and  mechanical  ruggedness  provide  long  term  reliability  even  under  the  most 
adverse  conditions. 

Three  power  classifications  cover  a  wide  range  of  applications. 


Ya  Watt  Zener  Regulators 

Specifications  25°C. 


1  Watt  Zener  Regulators 

Specifications  25®C. 
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10  Watt  Zener  Regulators 

Specifications  25®C. 


Tarzian 

Type 

Zener 

Volt. 

(V) 

Test 

Cur. 

(Ma) 

Dyn. 

Imp. 

(Ohms) 

■ 

Jedec 

Type 

Tarzian 

Type 

Zener 

Volt. 

(V) 

Test 

Cur. 

(Ma) 

■ 

Dyn. 

Imp. 

(Ohms) 

Tarzian 

Type 

Zener 

Volt. 

(V) 

Test 

Cur. 

(Ma) 

Dyn. 

Imp. 

(Ohms) 

Jedec 

Type 

.25T5.6 

5.6 

25 

3.6 

1N708 

1T5.6 

5.6 

100 

1.2 

10T5.6 

5.6 

1000 

1 

1N1803 

.25T6.2 

6.2 

25 

4.1 

1N709 

1T6.2 

6.2 

100 

1.5 

10T6.2 

6.2 

1000 

1 

1N1804 

.25T6.8 

6.8 

25 

4.7 

1N710 

1T6.8 

6.8 

100 

1.7 

10T6.8 

6.8 

1000 

1 

1N1805 

.25T7.5 

7.5 

25 

5.3 

1N711 

1T7.5 

7.5 

100 

2.1 

10T7.5 

7.5 

1000 

1 

1N1806 

.25T8.2 

8.2 

25 

6.0 

1N712 

1T8.2 

8.2 

100 

2.4 

10T8.2 

8.2 

1000 

1 

1N1807 

.25T9.1 

9.1 

12 

7.0 

1N713 

1T9.1 

9.1 

50 

3.0 

10T9.1 

9.1 

500 

1 

1N1808 

.25T10 

10 

12 

8.0 

1N714 

ITIO 

10 

lOTlO 

10 

500 

2 

1N1351 

.25T11 

11 

12 

1N715 

ITll 

11 

mm 

lOTll 

11 

500 

2 

1N1352 

.25T12 

12 

12 

1N716 

1T12 

12 

10T12 

12 

500 

2 

1N1353 

.25T13 

13 

12 

11 

1N717 

1T13 

13 

50 

5.8 

10T13 

13 

500 

2 

1N1354 

.25T15 

15 

12 

13 

1N718 

1T15 

15 

50 

7.6 

10T15 

15 

500 

2 

1N1355 

.25T16 

16 

12 

15 

1N719 

1T16 

16 

50 

8.6 

10T16 

16 

500 

3 

1N1356 

.25T18 

18 

12 

17 

1N720 

1T18 

18 

50 

11 

10T18 

18 

150 

3 

1N1357 

.25T20 

20 

4 

20 

1N721 

1T20 

20 

15 

13 

10T20 

20 

150 

3 

1N1358 

.25T22 

22 

4 

24 

1N722 

1T22 

22 

15 

16 

10T22 

22 

150 

3 

1N1359 

.25T24 

24 

4 

28 

1N723 

1T24 

24 

15 

18 

10T24 

24 

150 

3 

1N1360 

.25T27 

27 

4 

35 

IN  724 

1T27 

27 

15 

23 

10T27 

27 

150 

3 

IN  1361 

.25T30 

30 

4 

42 

1N725 

1T30 

30 

15 

28 

10T30 

30 

150 

4 

1N1362 

.25T33 

33 

4 

50 

1N726 

1T33 

33 

15 

33 

10T33 

33 

150 

4 

1N1363 

.25T36 

36 

4 

60 

1N727 

1T36 

36 

15 

39 

10T36 

36 

150 

5 

1N1364 

.25T39 

39 

4 

70 

1N728 

1T39 

39 

15 

45 

10T39 

39 

150 

5 

1N1365 

.25T43 

43 

4 

84 

1N729 

1T43 

43 

15 

54 

10T43 

43 

150 

6 

1N1366 

.25T47 

47 

4 

98 

1N730 

1T47 

47 

15 

64 

10T47 

47 

150 

7 

1N1367 

.25T51 

51 

4 

115 

1N731 

1T51 

51 

15 

74 

10T51 

51 

150 

8 

1N1368 

.25T56 

56 

4 

140 

1N732 

1T56 

56 

15 

88 

10T56 

56 

150 

9 

1N1369 

.25T62 

62 

2 

170 

1N733 

1T62 

62 

5 

105 

10T62 

62 

50 

12 

1N1370 

.25T68 

68 

2 

200 

1N734 

1T68 

68 

5 

125 

10T68 

68 

50 

14 

1N1371 

.25T75 

75 

2 

240 

1N735 

1T75 

75 

5 

150 

10T75 

75 

50 

20 

1N1372 

.25T82 

82 

2 

280 

1N736 

1T82 

82 

5 

175 

10T82 

82 

50 

22 

1N1373 

.25T91 

91 

1 

340 

1N737 

1T91 

91 

5 

220 

10T91 

91 

50 

35 

1N1374 

.25T100 

100 

1 

400 

1N738 

ITIOO 

100 

5 

260 

lOTlOO 

100 

50 

40 

1N1375 

NOTES;  Standard  tolerance  is  ±  10%  however,  closer  or  wider  tolerances  are  available  on  request. 
Also  available  on  request: 

(a)  Special  voltage  ratings. 

(b)  Symmetrical  double  anode  types  (for  dippers). 


The  operating  voltage  of  a  silicon  regulator 
changes  with  operating  temperature.  This  character¬ 
istic  must  be  considered  in  design.  The  following  curve 
shows  temperature — voltage  relationships  typical  in 
silicon  zener  diodes. 


Where 


SARKES  TARZIAN  SILICON  VOLTAGE  REGULATOR  ZENER  DIOOES 

Characteristics  and  Application 


Dynamic  Impedance 


Dynamic  impedance  is  a  measure  of  voltage  change  the  DC  test  current  and  measuring  the  resultant  voltage 
effects  on  operating  current  and  provides  a  practical  across  the  diode. 

measure  of  regulating  performance.  Dynamic  impedance  The  following  curves  show  the  effects  of  voltage 

is  measured  by  superimposing  a  small  AC  current  upon  and  current  on  dynamic  impedance. 

TYPICAL  CURVE  FOR  1T7.5 


5  10  ao  50  100  200  SOOIOOO 

VOLTS 


i  2  S  to  20  5D  UX3  300  500  lOOO 

ZENER  CURRENT  MA 


Temperature  Coefficient 


50  eo  ID  so  90  too 

VOLTS 


Typical  Application 


REGULATOR  CIRCUIT 


\/\/\/\^ — »  (a) - 1  the  series  resistor 

o  I  II  1  E.  is  the  source  voltage 

*  I  E,  is  the  zener  diode  voltage 

zener  >  n  f the  zener  diode  current 

I _ jgp'  ^  II  is  the  load  current 

j  ^  P.  is  the  zener  diode  power  dissipation 

I  Where  the  load  current  and  input  voltage  are  variable: 

.  .  .  .  ..  L  E,  (min.)  —  E, 

As  the  input  voltage  increases  the  inverse  bias  across  the  Ri  =  v-z - — nf — ? - r 

.  .  a  1  (max.) -4- .11l  (max.) 

zener  diode  will  increase  and  cause  a  large  current  to  now.  This  (max  ) _ E  \ 

increase  will  cause  more  current  to  flow  through  Ri  and  increase  Pi  (max.)  =  I— — ^ - -  —  II  (min.)  j  E, 

the  drop  thereby  adjusting  the  load  voltage.  Load  variations  ' 

have  a  similar  effect.  The  result  is  a  substantially  constant  constant  load  current  but  variable  input  voltage: 

output  voltage.  „  E,  (min.) — E, 

—  j  I  u 

Determination  of  Ri  is  as  follows:  ^ 

—  T  .1.  f 

For  constant  input  voltage  but  variable  load  current: 

I.  =  II  _  El  — El 

\  '  II  (max.) -f- .1  II  (max.) 

P.  =  (^‘  “I*-  )  E.  P.  (max.)  =  —  II^  E. 

NOTES:  The  above  equations  allow  a  tolerance  of  10%  to  compensate  for  load  regulation. 

If  dynamic  impedance  is  a  significant  percentage  of  the  value  of  Ri,  this  must  be  taken  into  consideration. 

A  high  impedance  source  presents  additional  problems  and  must  be  considered  if  it  is  significant  compared  to  Ri. 

SARKES  TA'RZIAN,  INC. 

World's  Leading  Manufacturers  of  TV  and  FM  Tuners  •  Closed  Circuit  TV  Systems  •  Broadcast 
Equipment  •  Air  Trimmers  •  FM  Radios  •  Magnetic  Recording  Tape  •  Semiconductor  Devices 

SEMICONDUCTOR  DIVISION  e  OLOOMINOTON,  INDIANA^ 

hi  CtnmdK  700  W»aton  M.,  Toronto  0  •  Export'  Ad  Aurtomn,  Ate.,  Now  York  , 


Dresser>ldeco  offers  a  complete  antenna  tower  service 


These  antenna  support  structures  for  the  U.  S.  Army’s 
Improved  Nike-Hercules  Missile  System 
illustrate  the  kind  of  complete  structural  service 
rendered  by  Dresser-ldeco  Company. 

In  designing  and  building  both  the  field  army  and 
fixed  site  versions  of  this  tower  for  Bell  Telephone 
Laboratories,  Inc.  and  Western  Electric  Company, 
Dresser-ldeco  performed  the  following  services: 

■  Conducted  design  and  feasibility  studies 

■  Made  structural  design  analyses 

■  Prepared  manufacturing  shop  drawings 

■  Wrote  erection  and  maintenance  manuals 
{■  Manufactured  the  two  prototype  towers 

■  Erected  and  tested  prototype  of  the  field  army  tower 

■  Test-erected  complete  fixed-site  tower 

■  Shipped  and  erected  complete  structure 
at  White  Sands  Missile  Range 

Far  more  than  “steel  burners.”  Dresser-ldeco 
personnel  are  highly  specialized  structural  engineers 
and  technicians.  The  company  is  fully  staffed  to 
provide  complete  structural  steel  services  ranging  from 
research  and  development  to  field  erection  and 
testing  of  prototypes  and  large-scale  manufacture 
and  installation  of  production  units. 

Find  out  how  Dresser-ldeco  can  best  serve  your 
program.  Consultation  and  cost  estimates  on  structural 
requirements  are  available  at  no  obligation.  Write 
for  booklet:  “Facilities  for  Defense  Production.” 
Dresser-ldeco  Company,  A  Division  of 
Dresser  Industries,  Inc.,  875  Michigan  Avenue, 
Columbus  15,  Ohio. 


Fixed-Site  Version  of  Improved  Nike-Hercules 
Radar  Tower  Incorporates 
the  field  army  tower  mounted  on  a  25' 

height-extension  and  fitted  with  a  radome. 


DRESSER 


'^CIRCLE  36  ON  READER  SERVICE  CARD 


CIRCLE  200  ON  READER  SERVICE  CARD  36  A 


,  4' 


MODEL  14-5 

The  Finest,  Most  Versatile, 
14"  Screen  ContXur  Projec¬ 
tor  Available. 


MODEL  14-2A 
A  Precision  Measuring, 
Bench  Model  Projector  for 
All-Around  Use. 


MODEL  14-6  ' 

with  Measuring  Table  for 
Production-Line  or  Limited 
Tool  Room  Use. 


Write  for  new  edition  of 
EX-CELL-O  Contour  Projector, 
Booklet  —  Available  Now! 


Manufactured  by  EX-CELL-O  Corporation  at  Detroit,  Mich 


GAGING  PRODUCTS,  INC 


OPTICAL 


STREET  ROCHESTERT1,  N.Y 

(A  subsidiary  of  EX-CELL-O  Corporation) 


36  B  CIRCLE  201  ON  READER  SERVICE  CARD 


electron 


Communications  centers 
like  this  Kansas  City  in¬ 
stallation  are  proving  the 
value  of  electronics  to  po¬ 
lice.  Dictaphone  recording 
gear  (far  wall)  keeps 
audio  record  of  all  verbal 
exchanges 


Police  Gear  Sales  Springing  Back 


SALES  OF  ELECTRONIC  gear  to  police 
departments  are  climbing  back  to 
levels  they  held  prior  to  the  1958 
recession,  according  to  manufac¬ 
turers  interviewed  this  week. 

From  1953  to  1957  the  police 
market  hovered  slightly  under  $8- 
million  annually.  Estimates  vary  re¬ 
garding  the  sales  decline  experi¬ 
enced  during  1958  and  1959,  but  a 
frequently  mentioned  figure  is  30 
percent. 

It’s  estimated  that  this  year  sales 
of  electronic  equipment  to  police 
users  will  top  the  $7-million  mark, 
and  pass  the  $8-million  level  by  the 
end  of  1961. 

In  commenting  on  the  upturn, 
the  more  optimistic  industry 
spokesmen  say  sales  might  surpass 
the  figures  they  presently  antici¬ 
pate.  In  support  of  this,  they  men¬ 
tion  the  many  areas  where,  in 
addition  to  communications,  elec¬ 
tronics  are  proving  their  value  in 
police  work. 

Traffic-control  systems,  visual 
data  transmission  systems,  certain 
computer  applications,  as  well  as 
accounting  and  general  recordkeep- 
f  ing,  all  form  part  of  this  expanding 
I  market. 

I  Although  these  and  other  areas 
[  are  growing  in  importance,  com¬ 
munications  gear  continues  to  ac¬ 
count  for  the  major  portion  of  all 
sales.  One  manufacturer  estimates 
that  10  percent  of  all  mobile  radio 
gear  sold  goes  to  police  users.  One 


New  Jersey  company  says  about  30 
percent  of  its  total  volume  is  in 
police  radio  systems. 

It  is  significant  to  note  that  at 
the  Associated  Police  Communica¬ 
tion  Officers  Conference  held  earlier 
this  month  in  Philadelphia,  26  elec¬ 
tronics  manufacturers  participated. 
In  addition  to  technical  papers  pre¬ 
sented  by  company  engineers  and 
administrators,  there  were  exhibits 
of  new  systems  and  devices  aimed 
at  police  use. 

A  spokesman  for  Allen  B.  Du¬ 
Mont  Laboratories  says  the  police 
market  is  a  very  competitive  one, 
and  points  out  that  equipment  must 
be  built  to  take  a  quasimilitary  us¬ 
age  and  still  maintain  reliability. 

A  General  Electric  man  points 
out  the  extremely  cost-conscious  na¬ 
ture  of  the  police  market,  in  which 
voters  can  examine  the  proposed 
budgets  of  their  communities  and 
approve  or  protest  new  facilities. 

“At  the  same  time,”  he  told 
Electronics,  “the  police  are  an  im¬ 
portant  influence  in  design  of  radio 
equipment  and  often  lead  the  way 
on  standards.” 

One  sales  manager  calls  the 
police  field  “our  toughest  market, 
but  one  of  our  most  valued.”  From 
a  sales  point  of  view,  the  manu¬ 
facturer  must  meet  competitive 
open  bidding  in  almost  all  cases. 

The  days  when  a  contract  to 
furnish  communications  gear  and 
other  equipment  depended  on  con¬ 


tacts  in  the  municipality,  rather 
than  on  equipment  reliability,  have 
long  passed.  The  open-bid  situation, 
according  to  salesmen,  drives  down 
the  price  but  proves  rewarding  in 
terms  of  volume. 

Manufacturers  speak  with  respect 
for  police  customers  because  of  the 
level  of  their  technical  knowledge. 
Most  departments,  according  to  a 
number  of  manufacturers,  are  very 
knowledgeable  technically  and  con¬ 
sider  communications  their  right 
hand.  Many  police  communications 
officers  are  old-line  radio  men  who, 
in  many  cases,  began  their  careers 
in  ham  radio. 

Although  manufacturers  provide 
service  facilities  on  a  regional 
basis,  many  police  departments 
have  members  with  enough  engi¬ 
neering  background  to  service  their 
own  equipment. 

One  benefit  electronics  has 
brought  to  police  groups,  in  addi¬ 
tion  to  rapid  communications  and 
data  transmission,  is  the  facility  to 
record  all  conversations. 

Among  equipment  available  for 
this  purpose  is  Dictaphone  Corp.’s 
line  of  police  recording  equipment. 
Departments  use  the  gear  to  keep 
an  audio  record  of  all  incoming 
calls.  Police  are  able  to  check  in¬ 
distinct  alarm  calls,  record  false 
reports  and  inaccurate  descrip¬ 
tions,  receive  moment-by-moment 
details  of  speeder  chases  and  main¬ 
tain  an  automatic  radio  log. 


August  26,  1960 
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How  Echo  I  Opens  New  Space  Era 


Two  men  (center)  are  dwarfed  by  100-ft-dia  communications  satellite 


LARGEST  SATELLITE  ever  orbited  was 
lofted  recently  by  National  Aero¬ 
nautics  &  Space  Administration  in 
an  experiment  designed  to  test  the 
feasibility  of  global  communica- 
i  ns  by  passive  satellite  reflections. 

Dubbed  Echo  I  by  NASA  director 
Keith  Glennan  after  is  was  success¬ 
fully  in  orbit,  the  satellite  went  up 
after  a  launching-pad  failure  on 
May  13  and  two  postponements  on 
Aug.  9  and  10. 

Communications  were  established 
on  the  second  orbit  between  Bell 
Telephone  Laboratories’  station  at 
Holmdel,  N.  J.,  and  the  big  dish  at 
Goldstone,  Calif.,  operated  by  Cal¬ 
Tech’s  Jet  Propulsion  Laboratory 
for  NASA. 

First  message,  a  statement  by 
President  Eisenhower,  stressed 
that  “peaceful  purposes  for  the 
benefit  of  all  mankind”  inspired  the 
experiment. 

Glennan  described  the  launching 
as  “  well  nigh  perfect.”  The  satel¬ 
lite — or  satelloon,  as  some  were  call¬ 
ing  it — was  programmed  to  orbit 
1,000  miles  up  at  nearly  16,000  mph. 
Its  two-hour  circular  orbit  started 
at  a  southeasterly  angle  inclined 
47  deg  to  the  equator. 

Echo  is  a  100-ft  sphere  of  alumin¬ 
ized  0.0005-in.  Mylar,  weighs  about 
125  lb.  It  rode  aloft  deflated  and 
packed  in  a  26i-in.  cannister  in  the 
nose  cone  of  a  Thor-Delta  rocket. 

Upon  ejection  from  the  launcher, 
the  two  hemispheres  of  the  can¬ 
nister  separated  and  the  plastic 
sphere  spilled  free.  Previously  in¬ 
jected  crystals  of  subliming  solid 
inflated  the  sphere;  the  .sublimation 
process  will  continue  for  a  month 
or  so  to  compensate  for  micro¬ 
meteorite  punctures. 

A  special  horn-reflector  antenna 
recently  completed  at  Holmdel  is 
the  eastern  terminus  of  the  satellite 
link.  Goldstone  is  using  its  85-ft 
dish  at  the  western  terminus. 
Transmission  frequency  is  960  Me 
westbound,  about  2.39  Gc  east- 
bound.  F-m  is  used  with  a  deviation 
of  ±  150  Kc  at  the  highest  modula¬ 
tion  frequency  of  3  Kc. 

Computermakers  got  into  the  aet 
in  a  big  way.  The  Echo  satelloon’s 
successful  orbit  was  established  by 
Bell  Telephone  Laboratories’  com¬ 
mand-guidance  system,  which  uses 


the  Athena  computer  to  derive 
course-correction  data.  The  com¬ 
puter  was  designed  for  the  Titan 
ICBM  by  Remington  Rand  Univac, 
was  used  for  the  same  purpose 
when  NASA  threw  Tiros  I  into 
orbit  on  April  Fools  Day. 

After  launch,  an  IBM709  at 
NASA’s  Goddard  Space  Flight  Cen¬ 
ter,  Greenbelt,  Md.,  was  immedi¬ 
ately  put  to  work  aiming  the  radio 
antennas  on  the  East  and  West 
Coasts  so  they  could  find  the  sphere 
to  bounce  their  signals  off  it. 

Two  other  IBM709s  were  involved 
in  the  project.  One,  at  Cape  Canav¬ 
eral,  calculated  velocity,  trajectory 
and  impact  point  of  the  rocket  for 
the  range  safety  officer.  The  other, 
at  IBM’s  Space  Computing  Center 
in  downtown  Washington,  is  keep¬ 
ing  precise  tabs  on  Echo’s  orbit, 
also  produces  timetables  for  ob¬ 
servers  throughout  the  world. 

Echo  I  is  the  fir.st  of  12  missions 
included  in  the  Delta  space-vehicle 
program.  Other  Delta  launchings 
scheduled  for  1960  include  Tiros  II, 
Echo  II  and  a  lunar  probe. 

On  the  same  day  as  the  Echo  I 
launch,  a  Navy  helicopter  finally 
was  able  to  recover  a  capsule 
which  had  been  ejected  from  a  Dis¬ 
coverer  satellite. 


The  300-lb  capsule  was  tossed 
out  of  Discoverer  XIII  over  Alaska, 
retrieved  in  the  planned  recovery 
zone  north  of  Hawaii.  Air  Force 
has  been  trying  to  recover  a  Dis¬ 
coverer  capsule  since  February 
1959 ;  of  twelve  previous  tries, 
seven  went  into  orbit,  six  payloads 
were  successfully  ejected,  four  tries 
were  made  at  recovery.  One  capsule 
is  believed  to  have  landed  on  Spitz- 
bergen,  may  have  been  recovered 
by  Soviet  scientists. 

The  successes  of  Aug.  12  have 
followed  a  couple  of  disheartening 
failures.  Besides  the  two  Echo  post¬ 
ponements,  an  attempt  to  rocket  an 
unmanned  Project  Mercury  capsule 
on  July  29  was  wrecked  when  the 
Atlas  booster  exploded  shortly  after 
takeoff  and  was  lost  in  the  Atlantic. 

In  other  recent  space  develop¬ 
ments  : 

McDonnell  Aircraft  has  awarded 
a  5-month  study  contract  to  Collins 
Radio  to  investigate  radio  communi¬ 
cations  problem  incident  to  soft- 
landing  an  unmanned  spacecraft  on 
the  moon.  Raytheon  won  a  study 
contract  to  investigate  active  dop- 
pler  velocity  sensors  for  soft  moon 
landings;  aim  is  to  find  a  system 
that  will  work  120  miles  up  over 
water,  360  over  land. 
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WESTON  RUGGEDIZED  METERS 
PROVIDE  HIGH  ACCURACY 
UNDER  SEVERE  CONDITIONS 

Basic  accuracy  within  ±  1% 

Reliability  is  assured  with  Weston  Model  1539 
Ruggedized  Panel  Meters  . .  .  even  under  extremes  of 
vibration,  shock  and  climatic  conditions. 

Meter  mechanisms  assembled  on  spring-backed  jewels 
are  mounted  on  metal  plates  which  are  bonded  to  cases  in 
specially  compounded  rubber.  Result:  a  virtually  leak-proof 
seal  that  protects  against  temperature,  humidity  and 
corrosive  atmospheres. 

Additional  advantages  include  small,  3.5*  diameter  flange 


for  economical  use  of  panel  space;  a  5*  long  scale  with 
250°  arc  for  maximum  readability;  and  shock-resistant 
plastic  window  with  sealed  zero  corrector.  Self -shielded  steel 
case  permits  mounting  on  magnetic  or  non-magnetic  panels 
without  special  adjustment. 

Call  your  Weston  representative  for  details  on  these 
long-scale  Ruggedized  instruments,  or  write  for  Catalog 
01-501  which  contains  full  technical  data.  Weston 
Instruments  Division,  Daystrom,  Inc.,  Newark  12,  New 
Jersey.  International  Division,  100  Empire  Street, 
Newark  12,  New  Jersey.  In  Canada:  Daystrom  Ltd., 

840  Caledonia  Rd.,  Toronto  19,  Ontario. 
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Meet  your  changing  needs  with  unchanging  quality 


Progress  has  been  phenomenal  in  the  plastics  industry 
over  the  past  decade,  with  hundreds  of  new  uses  discov¬ 
ered  for  plastic  laminates.  Despite  these  rapid  advance¬ 
ments  and  new  requirements,  St.  Regis®  has  retained 
the  original  high  quality  of  Panelyte. 

Panelyte®  offers  you  its  wide  range  of  NEMA  and 
Military  Grade  Plastics.  Complete  grade  specifications 
let  you  select  from  a  full  stock  of  sheets,  tubes  and  rods 
in  a  variety  of  shapes  and  sizes. 

Look  to  Panelyte  as  the  dependable  high-quality  plas¬ 
tic  laminate.  You’ll  find  that  there’s  a  Panelyte  grade  for 
every  purpose— high  dielectric  strength,  low  moisture 
absorption,  minimum  cold  flow  under  high  humidity. 
Panelyte  has  excellent  machining  characteristics,  and 


we  are  equipped  to  machine  component  parts  to  your 
exact  specifications. 

Whenever  your  engineering  specifications  call  for 
“laminated,  thermo-setting  resinous  plastic”  parts  in 
sheets,  tubes  or  rods  —  always  be  sure  to  specify 
PANELYTE  . . .  and  be  certain  of  the  highest  quality 
plastic  laminate.  For  com¬ 
plete  information  and  the 
address  of  your  nearest 
Panelyte  distributor,  write 
Dept.  EL-826,  St.  Regis 
Paper  Company,  150  East 
42nd  Street,  New  York  17, 

New  York. 


PANELYTE 
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-and  here's  where  to  call  the 
PANELYTE  distributor  nearest  you! 


ALABAMA  ^ 

Marine  Specialty  Company 
Mobile,  Alabama 

ARIZONA  .  ^ 

Electrical  Specialty  Company 
Phoenix,  Arizona 


CALIFORNIA 

Cadillac  Plastics 
Los  Angeles,  California 
Electrical  Specialty  Company 
Los  Angeles,  California 
Cadillac  Plastics 
San  Francisco,  California 
Electrical  Specialty  Company 
San  Francisco,  California 


COLORADO 

Electrical  Specialty  Company 
Denver,  Colorado 
aRegal  Plastic  Supply 
Englewood,  Colorado 

CONNECTICUT 

Modern  Plastic  &  Glass  Company 
Bridgeport,  Connecticut 
*New  England  Non  Metallics  Co.,  Inc. 
Milford,  Connecticut 
Industrial  Safety  Supply 
W.  Hartford,  Connecticut 

lEUWARE 

Brandywine  Fibre  Company 
Wilmington,  Delaware 
Kaufman  Glass  Company 
Wilmington,  Delaware 


FLORIDA 

Commercial  Plastics  Supply  Corp. 
Miami,  Florida 

tEORGIA 

AAA  Brands  Plastic  Supply  Co. 
Atlanta,  Georgia 

Commercial  Plastics  &  Supply  Corp. 
Atlanta,  Georgia 

lUINOIS 

Cadillac  Plastics 
Chicago,  Illinois 
Colonial  Kolonite 
Chicago,  Illinois 

Insulating  Manufacturing  Corp. 
Chicago,  Illinois 

INDIANA 

*Hyaline  Corporation 
Indianapolis,  Indiana 
Cadillac  Plastics 
Indianapolis,  Indiana 

KANSAS 

D  &  0  Products 
Wichita,  Kansas 


LOUISIANA 

Drake-Thompson  and  Company 
New  Orleans,  Louisiana 


MARYUND 

Gilbert  Plastics  and  Supply  Company 
Baltimore,  Maryland 
MASSACHUSETTS 

Plastic  Suppiy  Co.  (Hub  Stamping] 
Boston,  Massachusetts 
*ln$uiation  Products  Company 
Chicopee,  Massachusetts 
H&P  Spool  &  Bobbin  Company 
Lawrence,  Massachusetts 
^Laminated  Sheet  Products 
Norwood,  Massachusetts 


MICHIGAN 

Cadillac  Plastics 
Detroit,  Michigan 


MINNESOTA 

Arrowhead  Plastics 
Minneapolis,  Minnesota 
service  Tool  &  Engineering 
Minneapolis,  Minnesota 
♦Minneapolis  Manufacturing  Co« 
Minneapolis,  Minnesota 
special  Parts,  Inc. 

Minneapolis,  Minnesota 


MISSOURI 

Regal  Plastics  Supply  Co. 
Kansas  City,  Missouri 
Cadillac  Plastics 
Kansas  City,  Missouri 


Plastic  Sales 
Kansas  City,  Missouri 
Cadillac  Plastics 
St.  Louis,  Missouri 

NEW  JERSEY 

*  Insulating  Fabricators,  Inc. 

East  Rutherford,  New  jersey 
♦‘Allied  Plastics  Supply  Corporation 
Elizabeth,  New  Jersey 
♦‘Insulating  Specialties,  Incorporated 
Hillside,  New  Jersey 
Kennedy  Lumber  Company 
Trenton,  New  Jersey 
♦‘Rummel  Fibre  Company 
Union,  New  Jersey 
Commercial  Plastics  &  Supply  Corp. 
Newark,  N.  J. 

Robert  McKeown  Co.,  Inc. 

Livingston,  N.  J. 

♦:  Delta  Plastics 
Bellmawr,  N.  J. 

♦‘Philrus  Products 
Newark.  N.  J. 

NEW  MEXICO 
♦‘Jay-Grear,  Incorporated 
Albuquerque,  New  Mexico 
NEW  YORK 

♦‘Thomas  J.  Long,  Inc. 

Carle  PI.,  L.  I.,  N.  Y. 

♦‘Aircraft  Specialties  Company,  Inc. 

Hicksville,  New  York 
♦‘Allied  Plastics  Supply  Corporation 
New  York  Citj,  New  York 
Commercial  Plastics  &  Supply  Corp.  ! 
New  York  City,  New  York  ; 

♦‘Comco  Plastics 
Ozone  Park,  New  York 
The  Plastic  Center 
Rochester,  New  York 
♦‘The  Frank  Products  Corporation 
Syosset,  L.  I.,  N.  Y. 

NORTH  CAROLINA 

♦‘Engineered  Plastics,  Incorporated 
Gibsonville,  North  (Carolina 
OHIO 

Cadillac  Plastics 
Cincinnati,  Ohio 
Cadillac  Plastics 
Cleveland,  Ohio 

♦‘Dayton  Plastics,  Incorporated 
Columbus,  Ohio 

♦‘Dayton  Plastics,  Incorporated 
Dayton,  Ohio  j 

OKLAHOMA  I 

Denton's  Glass  &  Plastics  j 

Oklahoma  City,  Oklahoma  i 

Tulsa  Gasket  Mfg. 

Tulsa,  Oklahoma 

Industrial  Gasket  &  Packing  Company 
Oklahoma  City,  Oklahoma 

OREGON 

Electrical  Specialty  Company 
Portland,  Oregon 
PENNSYLVANIA 

Commercial  Plastics  Supply  Corp. 
Philadelphia,  Pennsylvania 
♦‘Herschel  Engineering  &  Supply  (]o. 
Philadelphia,  Pennsylvania 
Commercial  Plastics  Supply  Corp. 
Pittsburgh,  Pennsylvania 
♦‘Wood  Plastics 
Wayne,  Pennsylvania 
TEXAS 

Cadillac  Plastics 
Dallas,  Texas 
Cadillac  Plastics 
Houston,  Texas 
Cadillac  Plastics 
Fort  Worth,  Texas 
WASHINGTON 

Electrical  Specialty  Company 
Seattle,  Washington 
WISCONSIN 
Rahrs  Engineering 
Manitowoc,  Wisconsin 
Cadillac  Plastics 
Milwaukee,  Wisconsin 
♦‘Asbesto  Fab 
Milwaukee,  Wisconsin 
♦■General  Plastics 
Milwaukee,  Wisconsin 


Distributor-Fabricators  who  can  give 
special  attention  to  your  fabrication  needs. 


another  first! 

MOLCOTE  metallized  ceramic  coating 


for 

use  with 
all  types 
of  hard 
solders! 


Here’s  a  firmly  bonded  metal-to-ceramic  coated  sur¬ 
face  to  which  a  metal  or  metallized  ceramic  may  be 
hard  soldered  up  to  2200°  F!  Its  versatility  permits 
use  in  a  wide  latitude  of  high  temperature  assembly 
manipulation,  and  its  extreme  refractory  qualities 
defy  the  attack  of  solders  of  the 
copper-silver,  silver,  and  pure  copper 
types.  No  expensive  preliminary 
processing  is  required.  Molcote’s 
solder  bonds  are  exceptionally  strong 
to  the  point  of  fracture!  Like  to  know 
more?  Bulletin  1155  contains  all  the 
facts.  Write  for  a  copy! 


frenchtown 


PORCELAIN 
COM  PA  NY 

Frenchtown,  New  Jersey 


CIRCLE  204  ON  READER  SERVICE  CARD 


WHAT’S  NEW 
IN  COMPONENTS? 


What  uaeahle  discoveries  are  being  made  on  the  frontiers 
of  electronic  knowledge?  Here  are  a  few  selected  at  random: 
directive  long-range  sonar  transducer  .  .  .  high-speed  ferrite 
memory  and  logic  element  .  .  .  space-probe  telemetry  system 
,  .  .  master  preamplifier  for  X-band  radar.  You  can  never 
tell  when  one  is  going  your  way.  This  is  just  ONE  of  the 
reasons  why  you  should  subscribe  'to  electronics  (or  renew 
your  subscription). 

Fill  in  box  on  Read-  FIND  Wr  H  AT 
er  Service  Card. 

Easy  to  use.  Postage  ■  WW  llEiCU  111  ■  ■  ■ 
free. 

electronics 


August  26,  1960 


41 


IN537 


2N1660 


2N1275 


OUTPUT. 


680A 


2N327A 


2N327A 


2N1660. 


20 

VOLT 

ZENER 

DIODE 


1N537 


270A 


680n 


RAYTHEON  COIMPANY  •  Silicon  and  Germanium  Diodes  and  Transistors  •  Silicon  Rectifiers  •  Circuit-Paks 


ENGLEWOOD  CLIFFS,  N.  J.,  LOwell  7-4911  (Manhattan  Phone,  Wisconsin  7-64(X))  •  BOSTON,  MASS.,  Hlllcrest  4-6700 
CHICACK),  ILL.,  NAtional  5-4000  •  LOS  ANGELES,  CAL.,  PLymouth  7-3151  •  ORLANDO,  FLA.,  GArden  3-0518  •  SYRACUSE,  N.  Y.,  GRanite  2-7761 
BALTIMORE,  MD.,  SOuthfield  1-0450  •  CLEVELAND,  O.,  WInton  1-7716  •  SAN  FRANCISCO,  CAL.,  Fireside  1-7711 
CANADA:  Waterloo,  Ont.,  SHerwood  5-6831  •  GOVERNMENT  RELATIONS:  Washington,  D.C.,  MEtw^Utan  8-5205 


New  High  Voltage,  High  Gain  Transistors 

Make  "Dream  Circuits”  Come  True! 


5  WATT  SERVO  AMPLIFIER 

-55*^  to  +125*C 

22K 

MAA  ♦ - 


“24  to  “  30  VOLTS 


POWER  OUTPUT  5  WARS  INTO  LOAD 


This  s«rvo  amplifisr  circuit  mx- 
ploits  th«  high  power  gain 
capobilities  of  the  2111660^^ 
Tho  drivor  is  a  low  power  (250 
mw)  2HI27S  trcmsislor.  Ordi- 
noffly  in  such  circuits  the  driv¬ 
er  would  need  to  be  a  medium 
power  transistor  or  a  high 
power  unit  such  as  the  2N3S9. 


Full  2  amps,  25  megacycles,  85  ivatts  ,  .  ,  these  are 
standard  ratings  for  the  2N1660  power  transistor 
family.  Only  Raytheon  guarantees  these  values: 
H  FE  =  45  min.  at  Ic  =  1  ampere ;  hpE  =  4  min.  at 
6  megacycles ;  Ft=:  25  megacycles  min. 

Put  these  new  silicon  power  transistors  to  use 
for  regulated  power  supplies  .  .  .  power  switching 
. .  .  power  amplifiers  . .  .  power  oscillators  .  .  .  core 
drivers  .  .  .  servo  amplifiers  —  wherever  reliable 
h.f.  power  handling  is  a  problem. 

Other  Raytheon  diffused  silicon  power  transis¬ 
tors  meet  a  wide  variety  of  circuit  requirements. 
Check  the  specifications  in  the  accompanying  table 
...  see  your  Raytheon  distributor  for  samples  of 
production  quantities. 


The  figures  tell  the  story!  These  new 
NPN  diffused  silicon  power  transistors 
open  up  exciting  possibilities  for 
bold  new  circuit  designs! 


Raytheon  NPN  Diffused 
Silicon  Power  Transistors 
Temperature  Range  — 65°C  to  +200®C. 


Bvcn 

Bveoo 

Vsot 

Vac 

n. 

Min. 

Min. 

Max. 

Hre 

Max. 

Min. 

Typt 

Voite 

VoiU 

VolU 

Min. 

Volte 

Me 

Conditions: 

HI  =33  ohms 

1c=1A 

Ve=15V 

Vc=15V 

Vc=3IIV 

1B=0.2A 

1c=1A 

1C=1A  1c=100Mi^ 

2N1660 

60 

10 

4.0 

45 

3.0 

25 

2N1661 

80 

10 

4.0 

45 

3.0 

25 

2N1662 

100 

10 

4.0 

45 

3.0 

25 

2N1657 

60* 

3 

3.0 

151 

2N1470 

60* 

3 

3.0 

151 

2N389 

60 

10 

5.0 

12 

8.0 

2N424 

80 

10 

10.0 

12 

8.0 

•Bvces 

1Vc= 

5.0  V;  !c 

-1.0  A 

Available  for  immediate  delivery  from  your  local  authorized  Raytheon  Distributors. 


SEMICONDUCTOR  DIVISION 
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••Dream  Circuit**  transistors 
at  factory  prices 
and  complete 
teclmlcal  data 
are  available 
from  tlie 
Raytheon 
distributor 
nearest  you 


tlibama 

Birmingham 

Forbes  Distributing  Company 
AL  14104 

MG  Electrical  Equipment  Co. 

FAirfax  2-0449 
Mobile 

Forbes  Electronic  Distribs.,  Inc. 

HE  2-7661 
Arizona 
Phoenix 

Radio  Specialties  &  Appl.  Corp. 

AL  8-6121 
Tucson 

Standard  Radio  Parts,  Inc. 

MA  34326 
California 
Burbank 

Valley  Electronic  Supply  Co. 

Victoria  9-3944 
Glendale 

R.  V.  Weatherford  Co. 

Victoria  9-2471 
Hollywood 

Hollywood  Radio  Supply,  Inc. 

HO  4-8321 
Inglewood 

Newark  Electronics  Company 
ORchard  7-1127 
Los  Angeles 

Graybar  Electric  Company 
ANgelus  3-7282 
Kierulff  Electronics,  Inc. 

Richmond  8-2444 
Oakland 

Brill  Electronics 
TE  2-6100 
Elmar  Electronics 
TEmplar  4-3311 
Palo  Alto 
Zack  Electronics 
OA  6-5432 


San  Diego 

Radio  Parts  Company 
BE  9-9361 
San  Francisco 
Fortune  Eiectronics 
UN  1-2434 
Santa  Monica 

Santa  Monica  Radio  Parts  Corp. 

EXbrook  3-8231 
Colorado 
Denver 

Ward  Terry  Company 
AMherst  6-3181 
Connecticut 
East  Haven 
J.  V.  Eiectronics 
HObart  9-1310 
District  of  Columbia 
Electronic  Industrial  Sales,  Inc. 

Hudson  3-5200 
Kenyon  Electronic  Supply  Co. 

DEcatur  2-5800 
Florida 
Miami 

East  Coast  Radio  &  T.V.  Co. 

FRanklin  1-4636 
Eiectronic  Equipment  Company 
NEwton  5-0421 
West  Palm  Beach 
Goddard  Distributors,  Inc. 

TEmple  3-5701 
Illinois 
Chicago 

Allied  Radio  Corporation 
HAymarket  1-MOO 
Newark  Electronics  Corp. 

STate  2-2944 
Indiana 
Indianapolis 

Graham  Electronics  Supply  Inc. 

MEIrose  4-8486 
Maryland 
Baltimore 

Wholesale  Radio  Parts  Co.,  Inc. 
Mulberry  5-2134 


Massachusetts 

Boston 

Cramer  Electronics,  Inc. 

COpley  7-4700 

OeMambro  Radio  Supply  Co.,  Inc. 
AL  4-9000 

Lafayette  Radio  Corp.  of  Mass. 

HUbbard  2-7850 
Cambridge 

Electrical  Supply  Corporation 
UNiversity  4-6300 
Michigan 
Ann  Arbor 

Wedemeyer  Electronic  Supply  Co. 

NOrmandy  2-4457 
Detroit 

Ferguson  Electronic  Supply  Co. 

woodward  1-2262 
Minnesota 
Minneapolis 

Electronic  Expeditors,  Inc. 

FEderal  8-7597 
Mississippi 
Jackson 

Ellington  Radio,  Inc. 

FL  3-2769 
Missouri 
Kansas  City 

Burstein-Appiebee  Company 
BAItimore  1-1155 
St.  Louis 

Graybar  Electric  Company 
JEfferson  14700 
New  Hampshire 
Concord 
Evans  Radio 
CApital  5-3358 
New  Jersey 
Camden 

General  Radio  Supply  Co. 

WO  4-8560 

(in  Phila.:  WA  2-7037) 

New  Mexico 

Alamogordo 


Radio  Speciaities  Co.,  Inc. 

HEmlock  7-0307 
Albuquerque 

Radio  Specialties  Co.,  Inc. 

AM  8-3901 

New  York 

Buffalo 

Genesee  Radio  &  Parts  Co.,  Inc. 

DEIaware  9661 
Wehle  Electronics  Inc. 

TL  4-3270 

Mineola,  Long  Island 
Arrow  Electronics,  Inc. 

Pioneer  6-8686 
New  York  City 
H.  L.  Dalis,  Inc. 

EMpire  1-1100 

Milo  Electronics  Corporation 
BEekman  3-2980 

Sun  Radio  &  Electronics  Co.,  Inc. 

ORegon  5-8600 
Terminal  Electronics,  Inc. 
CHelsea  3-5200 

Ohio 

Cincinnati 
United  Radio  Inc. 

CHerry  1-6530 
Cleveland 

Main  Line  Cleveland,  Inc. 

Express  14944 

Pioneer  Eiectronic  Supply  Co. 

superior  1-9411 
Columbus 

Buckeye  Electronic  Distribs.,  Inc. 

CA  8-3265 
Dayton 
Srepco,  Inc. 

BAIdwin  4-3871 
Oklahoma 
Tulsa 

S  &  S  Radio  Supply 
LU  2-7173 
Oregon 
Portland 

Lou  Johnson  Company,  Inc. 
CApital  2-9551 


Pennsylvania 

Philadelphia 
Almo  Radio  Company 
WAInut  2-5918 
Radio  Electric  Service  Co. 

WAlPut  5-5840 
Pittsburgh 

Marks  Parts  Company 
FAirfax  1-3700 
Reading 

The  George  D.  Barbey  Co.,  Inc. 

FR  6-7451 
Tennessee 
Knoxville 

Bondurant  Brothers  Company 
3-9144 
Texas 
Dallas 

Graybar  Electric  Company 
Riverside  2-6451 
Houston 

Busacker  Electronic  Equipt.,  Co. 

JAckson  64661 
Harrison  Equipment  Company 
CApitol  4-9131 
Utah 

Salt  Lake  City 
Standard  Supply  Company 
EL  5-2971 
Virginia 
Norfolk 

Priest  Electronics 
MA  74534 
Washington 
Seattle 

Western  Electronic  Co. 

AT  4-0200 
West  Virginia 
Bluefield 

Meyers  Electronics,  Inc. 

DAvenport  5-9151 
Wisconsin 
Milwaukee 

Electronic  Expeditors,  Inc. 
woodruff  4-8820 
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Britain  Steps  Up  Controls  Research 


ON  OTHER  BENDIX 
COMPONENT  PACKAGES 


Industrial  instruments  stressed  as  government 
gives  funds  to  record  total  of  50  associations 


CONTROL  AMPLIFIER 

Electronic  unit,  clze  of  cigarette  pack 
age,  amplifies  small  error  signals. 


This  is  a  compact,  modular  electronic 
control  amplifier  that  boosts  small 
error  signals  to  power  electro-mechani¬ 
cal  components,  providing  a  .  gain 
factor  of  500.  Hermetically  sealed  in 
nitrogen  and  hydrogen.  Latest  design 
techniques  result  in  direct  115-volt, 
400-cps  excitation  with  lower  power 
consumption  than  on  conventional 
bridge-type  amplifiers.  Meets  a  wide 
range  of  applications  due  to  low  power 
consumption,  high  gain,  load  capacity, 
and  compactness.  Ask  for  full  details. 


The  amplifier  is  a  keyed,  plug-in, 
modular  card  assembly  incorporating 
latest  in  transistor  and  silicon  diode 
circuitry.  It  amplifies  low-level  400- 
cps  modulated  signals  and  produces  a 
400-cps  modulated  output  signal  hav¬ 
ing  a  time  lag  of  approximately  0.1, 
3.5,  10,  or  15  seconds,  depending  on 
external  connections.  Where  memory 
functions  are  not  required,  eliminates 
need  for  electro-mechanical  assemblies 
by  providing  either  synchronization 
or  data  smoothing  in  the  amplifier- 
computer.  Compact  design  and  ex¬ 
tended  operating  characteristics  make 
for  flexibility  of  application.  Write 
for  details. 

Manufacturers  of 

GYROS  *  ROTATING  COMPONENTS 
RADAR  DEVICES  •  INSTRUMENTATION 
PACKAGED  COMPONENTS 

Eclipse-Pioneer  Division 


LONDON — THE  FIELD  of  industrial 
automatic  controls  is  getting  new 
attention  in  Britain,  McGraw-Hill 
World  News  reports  this  week. 

The  British  Scientific  Instrument 
Research  Association,  after  concen¬ 
trating  in  its  early  years  -on  labora¬ 
tory-type  instruments,  is  now  em¬ 
barking  on  a  program  of  industrial 
instrument  research. 

Overall,  Britain’s  pattern  of  co¬ 
operative  industry  research  by 
government-aided  associations  is 
growing. 

These  are  among  highlights 
from  a  report  just  published  by  the 
Department  of  Scientific  and  Indus¬ 
trial  Research  (DSIR). 

The  report,  “Research  For  In¬ 
dustry,”  reveals  that  in  1959  the 
number  of  government-aided  re¬ 
search  associations  reached  a  new 
high  of  50.  Their  income  from  both 
industry  and  government  contribu¬ 
tions  totalled  over  $20  million,  a 
hike  of  $1.1  million  over  1958. 

Of  this  total  income,  industry 
provided  the  bulk.  DSIR  contrib¬ 
uted  $4.7  million,  a  figure  up  by 
$840,000  over  the  1958  contribu¬ 


tion.  This  increased  spending  on 
research,  says  the  report,  is  in  line 
with  the  overall  trend  in  Britain. 

In  1958,  manufacturers  invested 
4.2  percent  of  turnover  in  research 
and  development,  compared  with 
3.1  percent  in  1955. 

While  each  of  the  50  research 
associations  is  an  example  of  co¬ 
operative  research  within  a  section 
of  industry,  the  report  highlights 
three  areas — creep,  metal  fatigue 
and  shipbuilding — where  combined 
research  programs  among  several 
associations  are  in  progress. 

These  are  areas,  reports  the 
DSIR,  where  “we  have  aided  the 
pooling  of  resources  in  all  ways  at 
our  disposal.” 

On  creep  research  the  National 
Engineering  Laboratory,  cooper¬ 
ating  with  the  National  Physical 
Laboratory  and  the  Electrical  Re¬ 
search  Association,  has  set  up  a 
creep  information  center  to  dis¬ 
seminate  data  on  conventional 
British  high  temperature  materials. 
A  new  laboratory  slated  to  open  in 
1961  at  a  cost  of  around  $450,000, 
will  investigate  creep  phenomena  in 


Giant  Noise  for  Testing  Parts 


Tatorboro,  N.  J. 


Two  17  dh  Avco  noise  generators  at  Slid  Aviation,  France,  simulate  roar 
of  rockets  and  jets  to  test  parts  under  acoustic  vibrations 
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VERSATILITY  PLUS -IN 
GROUND  ANTENNA  PEDESTALS 


*  steam  plant  and  turbine  applica¬ 
tions. 

Fatigue  research  under  a  com¬ 
mittee  comprising  the  National 
Physical  Laboratory  and  the  British 
Welding  Research  Association  is 
making  its  prime  work  investiga¬ 
tions  of  fatigue  failures  of  low- 
alloy  high  tensile  steels  in  welded 
constructions.  Aircraft  and  rein¬ 
forced  concrete  structures  are 
omitted  from  the  committee’s  terms 
of  reference.  A  report  is  due  later 
this  year. 

The  British  Scientific  Instrument 
Research  Association  is  busy  de¬ 
tecting  elements  and  building  up  a 
card  index  on  the  200  parameters 
that  are  measurable  in  industrial 
processes. 

When  complete,  this  bureau  for 
detecting  elements  will  provide  in¬ 
dustry  with  complete  information 
of  currently  available  techniques 
and  their  limitations.  Other  work 
includes  development  of  position 
.sensitive  photo-conductive  diodes 
capable  of  detecting  a  one  angstrom 
unit  movement  in  two  directions  at 
right  angles.  Also  under  develop¬ 
ment  is  a  new  gas  flowmeter. 

Japan  to  Export 
Tunnel  Diodes 

japan’s  electronics  industry  con¬ 
tinues  to  proliferate  new  consumer 
goods  and  components. 

Hayakawa  Electric  of  Osaka  has 
come  out  with  a  transistor  radio 
that  operates  off  a  silicon  solar 
cell.  Dubbed  the  sunshine  radio, 
the  set  can  operate  from  ordinary 
chemical  batteries  as  well,  is  ex¬ 
pected  to  retail  at  about  $15  more 
than  ordinary  transistor  radios. 
It  will  be  produced  on  a  trial  basis 
until  Hayakawa  figures  out  if  any¬ 
one  wants  to  pay  the  premium  for 
a  radio  that  operates  only  when 
the  sun  is  out. 

In  other  news,  Sony  Corp.  an¬ 
nounces  that  its  tunnel  diodes  will 
go  on  sale  on  the  domestic  market 
this  month  at  prices  ranging  from 
$2.80  to  $10.  Monthly  production 
levels  are  currently  about  30,000, 
are  expected  to  pass  a  million  by 
November  when  Sony  opens  a 
plant  at  Atsugi,  near  Yokohama. 
After  that,  the  fast  switching  com¬ 
ponents  will  be  offered  for  export, 
and  the  manufacturing  techniques 
will  be  offered  for  license. 


This  Bendix  Ground  Antenna  Ped¬ 
estal  is  unique  in  that  it  can  be 
easily  modified  to  a  variety  of 
radar  antenna  applications,  some 
of  which  are  shown  above.  In 
addition,  the  pedestal  is  air  trans¬ 
portable— vreighing  only  700  lbs.; 


accwrafe— better  than  0.5  mils; 
apai7a6fe— already  designed,  tooled 
and  available  for  your  immediate 
prototype  needs — the  product  of 
our  extensive  field  and  test  experi¬ 
ence  in  building  for  highly  accurate 
tracking  of  aircraft  and  missiles. 


ADDITIONAL  CHARACTERISTICS: 

Optional  control  indicators  for  various  servo  drives. 

’/s  to  2  horsepower  motors  standard.  Other  power  and  speeds  optional. 


For  further  information  about  this  unit  — and  others  in  the  Eclipse- 
Pioneer  “family”  of  radar  antenna  devices— write: 


Eclipse-Pioneer  Division 


Teterboro,  N.  J. 

Diitrict  Offices:  Burbonk  and  Son  Francisco,  Calif.;  Seattle,  Wash.;  Dayton,  Ohio;  and  Washington,  D.  C. 
Export  Sales  &  Service;  Bendix  International,  205  E.  42nd  St,,  New  York  17,  N.  Y. 
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Small  Business  Group  to  Meet 

Problems y  complaints  to  be  studied  Sept.  13 
at  Indiana  conference.  El  A  playing  key  role 


prototype  stage  of  a  contract.  He 
is  also  hampered  by  the  need  to 
make  payments  for  tools  and  ad¬ 
vanced  production  costs  prior  to 
the  delivery  of  merchandise. 

“He  is  handicapped  by  lack  of 
knowledge  of  planned  expansion  by 
the  Department  of  Defense.” 

The  Small  Business  Committee 
is  planning  further  organization  on 
a  regional  basis  so  frequent  meet¬ 
ings  will  be  possible. 

The  aim  of  these  meetings,  ac¬ 
cording  to  Ray  Zender  of  Lenz  Elec¬ 
tric,  Chicago,  will  be  educational. 

“We  need  to  call  attention  to  gov¬ 
ernment  groups  like  the  Small 
Business  Administration,”  he  told 
Electronics.  “The  small  business 
executive  has  been  missing  out  on 
the  channels  of  operation  where 
federal  help  is  available.  He  should 
learn  as  much  as  he  can  about  these 
for  the  good  of  his  company.” 

Arrangements  have  also  been 
made  to  have  larger  electronics 
firms  demonstrate  and  explain  what 
programs  they  administer  in  sup¬ 
port  of  small  business,  Zender  said. 


SMALL  BUSINESS  PROBLEMS  are 
slated  for  more  discussion  and 
study  by  Electronic  Industries  As¬ 
sociation  members  on  Sept.  13  at 
French  Lick,  Ind. 

The  agenda  for  EIA’s  Small  Busi¬ 
ness  Committee  meeting  includes: 

1)  How  small  business  can  team 
up  with  large  corporations  and  fill 
in  gaps. 

2)  Review  House  of  Representa¬ 
tives  Bill  No.  HR  11207  defining 
small  business. 

3)  Review  protection  of  small 
business  being  considered  by  gov¬ 
ernment  regulation. 

41  Review  technical  manpower 
being  expended  in  military  procure¬ 
ment  for  preparation  of  many  elab¬ 
orate  but  unsuccessful  technical 
proposals. 

5)  Develop  an  up-to-date  list  of 
companies  that  can  be  classified  as 
small  business. 

6)  Consider  establishing  terri¬ 
tories  along  the  lines  of  Small  Busi¬ 
ness  Administration  for  regional 
decentralization  of  the  activities 
under  committee  jurisdiction. 

At  a  recently  held  regional  con¬ 
ference,  some  small  business  firms 
took  the  opportunity  to  air  some 
complaints.  Speakers  said : 

“The  small  businessman  suffers 
from  the  lack  of  progress  pay¬ 
ments  during  the  development  and 


Mideast  Banks  Use 
Tv,  Computers 

ELECTRONIC  OFFICE  EQUIPMENT,  a 
few  computers  and  some  closed-cir¬ 
cuit  television  are  bringing  “office 
automation”  to  the  Near  East. 

Banks  in  Lebanon,  Iraq  and  Jor¬ 
dan  are  already  using  multiple  elec¬ 
tronic  bookkeeping  systems  pro¬ 
vided  by  National  Cash  Register 
at  $20,000  each. 

Big  computers  are  in  use,  too; 
Arabian  American  Oil  uses  an 
IBM705  and  two  electronic  calcu¬ 
lators  ;  Bahrein  Petroleum  uses  an 
IBM1401 ;  Kuwait  Oil  and  the 
Iranian  Consortium  use  Hollerith 
500-series  systems. 

Intra  Bank  of  Lebanon,  with  15 
branches  in  various  Arab  countries, 
uses  a  closed-circuit  tv  from 
Siemens  &  Halske  in  it  main  Bei¬ 
rut  office.  The  system  is  used  to 
inspect  and  validate  counter  trans¬ 
actions. 


Mercury  Data  Display 


Console,  by  Stromberg-Carlson,  dis¬ 
plays  Project  Mercury  capsule 
flight  data  and  astronaut's  reactions 
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ReliabilHy  comes 

in  3  small 

packages... 

^Ivania 

Silicon 

Rectifiers 


,  »'»»•  Integrti 


Small  in  size,  giants  in  performance— Sylvania 
Silicon  Rectifiers  are  quality-controlled  for  appli¬ 
cations  in  industrial  poiver  supplies  and  magnetic 
amplifiers. 

SYLVANIA  offers  excellent  availability  at  com¬ 
petitive  prices  of  all  registered  IN-types  with  p.i.v. 
to  1000-Volts  and  forward  current  ratings  to 
1-ampere. 

all  3  packages  conform  to  military  requirements 


for  environment.  Modern  production  techniques, 
stringent  test  procedures,  careful  controls  of  purity 
of  materials  and  surface  cleanliness  minimize  con¬ 
taminants,  result  in  units  that  feature  low  leakage, 
promise  long  life  operation. 

Contact  your  Sylvania  Field  Office  or  your  Local 
Sylvania  Franchised  Distributor  for  sales  informa¬ 
tion.  For  technical  data  on  specific  IN-types,  write 
Semiconductor  Division,  Sylvania  Electric  Prod¬ 
ucts  Inc.,  Dept.  225B,  Woburn,  Mass. 


Subsidiary  af  GENERAL  TELEPHONE  &  ELECTRON  LOG  W 


MEETINGS  AHEAD 

Aug.  29-31 :  Metallurgy  of  Elemen¬ 
tal  and  Compound  Semiconduc¬ 
tors,  AIME,  Statler  Hotel,  Bos¬ 
ton. 

Sept.  7-8:  Value  Engineering,  EIA, 
Disneyland  Hotel,  Anaheim, 
Calif. 

Sept.  7-8:  Automatic  Control,  Joint 
Conf.,  ASME,  IRE,  AIEE,  ISA, 
MIT,  Cambridge,  Mass. 

Sept.  8-9:  Conference  on  Technical 
Communications,  Society  of 
Technical  Writers  and  Editors, 
Univ.  of  Dayton,  Dayton,  0. 

Sept.  9-10:  Communications:  To¬ 
morrow’s  Techniques — A  Survey, 
IRE,  Roosevelt  Hotel,  Cedar  Rap¬ 
ids,  la. 

Sept.  11-16:  American  Chemical 
Society,  Annual,  Statler  Hilton, 
New  York  City. 

Sept.  13-14:  Bionics  Symposium, 
Applying  Biological  Principles  to 
Engr.  Design,  ARDC,  Wright 
Air  Devel,  Div.,  Dayton  Biltmore 
Hotel,  Dayton,  O. 

Sept.  14-15:  Industrial  Electronic 
Test  Equipment  Ssonposium,  Ar¬ 
mour  Research  Foundation,  Chi¬ 
cago. 

Sept.  15-16:  Engineering  Manage¬ 
ment  Conf.,  IRE,  Morrison  Hotel, 
Chicago. 

Sept.  15-17:  Upper  Midwest  Elec¬ 
tronic  Conf.,  Twin  Cities  Elec. 
Wholesalers,  Civic  Auditorium, 
Minneapolis. 

Sept.  19-21 :  Data  Transmission, 
International  Smp.,  PGCS  of  IRE 
and  Sectie  Voor  Tele,  of  Konin- 
klijk  Ins.  van  Ingonieurs,  Delft, 
Neth.,  Contact  B.  B,  Barrow, 
Benelux  Section,  IRE,  Postbus 
174,  Den  Haag,  Nederland. 

Sept.  19-22:  Space  Electronics  and 
Telemetry,  Nat.  Symposium, 
Shoreham  Hotel,  Washington, 
D,  C. 

Sept.  21-22:  Industrial  Electronics, 
Annual,  PGIE  of  IRE,  AIEE, 
Sheraton-Cleveland  Hotel,  Cleve¬ 
land. 

Sept.  23-24:  Broadcasting  Sympo¬ 
sium,  PGB  of  IRE,  Willard  Hotel, 
Washington,  D.  C. 

Oct.  10-12:  National  Electronics 
Conf.,  Hotel  Sherman,  Chicago. 

electronics 


COMPLETE  RESPONSIBILITY 
for  design,  fabrication  &  construction 

of  rotating  antennas.  For  information  contact  the 
Blaw-Knox  Equipment  Division,  Pittsburgh  38,  Pennsylvania 

Vtf^KMOX 

ANTENNAS 
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a  continuing  series  on  technicai  topics 
relating  to  eiectronic  app!ications 


Considerations  In 


Folio  11 


Selecting  Mica  Capacitors 


Mica  Capacitors  may  have  identical  capacitance  and  volt¬ 
age  rating  on  their  name  plates,  yet  one  may  be  up  to  a 
hundred  times  larger  than  another— why?  It  is  the  purpose 
of  this  article  to  discuss  how  the  dc  voltage  rating,  rf 
voltage  rating,  rf  current  rating,  corona  starting  voltage, 
and  pulse  application  affects  size  and  physical  configura¬ 
tion  of  mica  capacitors.  Examples  will  be  given  showing 
typical  Sangamo  types  that  are  used  to  account  for  these 
electrical  environmental  variations. 


DC  Voltage  Rating  —  Many  electronic  applications  require 
that  a  mica  capacitor  be  used  in  a  circuit  of  moderate  to 
high-voltage  dc  with  a  slight  ac  voltage  superimposed 
on  it.  Because  mica  exhibits  a  very  low  dissipation  factor, 
very  little  heat  is  generated  due  to  the  small  amount  of  ac. 
Of  primary  concern  is  the  dc  voltage  stress.  Mica  has  a 
very  high  dielectric-strength  capability.  Hence,  required 
capacity  can  be  contained  in  a  package  that  is  significantly 
small  such  as  Sangamo's  Types  D,  DR,  KR,  CR,  H  and  A. 
(Figure  1) 


Type-DR 


Type-H 


Type-A 


RF  Voltage  and  Current  Rating  —  Like  the  small  mica  ca¬ 
pacitors  described  above,  capacitors  of  a  larger  size  are 
frequently  required  to  operate  with  a  comparable  dc  volt¬ 
age  across  their  terminals.  However,  in  transmitting  rf 
oscillator  tank  circuits,  radio  frequency  is  predominant 
and  the  primary  requirement  is  the  ability  to  handle  a 
large  magnitude  of  rf  current.  It  is  therefore  necessary 
to  use  a  capacitor  that  can  dissipate  the  heat  generated 


l>y  the  rf  field.  Because  these  factors  are  so  important, 
transmitting  capacitors  are  rated  in  rms  current  and  peak 
Working  volts.  They  are  usually  potted  in  a  material  that 
j*®*  a  high  thermal  conductivity  and  packaged  to  have  a 
targe  surface  area.  Sangamo’s  Types  E,  F,  and  G  are  ex¬ 
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amples  of  high  rf  current  application  capacitors  Figure  2 
shows,  for  example,  the  relative  size  and  current-carrying 
ability  of  Types  Gl,  G2,  G3,  G4  and  G5. 

Corona  Starting  Voltage  —  Corona  can  occur  in  any  ca¬ 
pacitor  where  the  conditions  are  right.  Capacitor  manu¬ 
facturers  are  aware  of  this  and  design  accordingly.  Where 
amplitude  and  frequency  of  ac  voltage  across  the  capacitor 
are  relatively  low,  a  wax  impregnant  can  be  used.  How¬ 
ever,  when  voltage  is  low  and  frequency  is  high,  a  liquid 
impregnant  is  used.  The  difference  is  due  to  the  physical 
nature  of  the  impregnant.  The  wax,  when  cooling,  leaves 
holes  and  promotes  corona,  while  a  liquid  impregnant  is 
homogeneous.  A  typical  example  of  a  liquid  impregnated 
capacitor  that  is  used  for  miniaturization,  low  distributed 
inductance,  and  high  frequency  applications  is  the  Sangamo 
Button®  Capacitor.  (Figure  3) 


Typ«  M-23  Type  M-63  Type  M-72 


Pulse  Application  —  Unfortunately  there  are  no  industry 
standards  on  capacitor  ratings  for  pulse  applications.  De¬ 
sign  and  testing  of  these  capacitors  follow  individual  spe¬ 
cifications  at  the  present  time.  Applications  involving  high- 
frequency  pulse  operation  should  be  reviewed  carefully 
with  regard  to  corona  and  peak  stresses.  These  two  fac¬ 
tors  are  very  closely  related  to  life  expectancy  of  the 
capacitor.  With  the  growth  of  pulse  circuitry,  users  and 
manufacturers  must  begin  to  develop  meaningful  speci¬ 
fications,  standards,  and  test  procedures  for  pulse  capaci¬ 
tors.  Figure  4  shows  typical  examples  of  Sangamo  Capaci¬ 
tors  designed  for  pulse  applications.  The  Type  N-87  is  a 
multiple-section  Sangamo  mica  capacitor  designed  for 
packaging  with  other  components  in  a  hermetically  sealed, 
oil-filled  enclosure. 

Fig.  4 


Type  N-38  Typ*  N-87 

Your  inquiry  for  more  complete  information  on  special 
applications  of  Sangamo  mica  capacitors  is  invited. 

SC60-5 

SANGAMO  ELECTRIC  COMPANY,  Springfield,  Illinois 

—  dasigning  toward  the  promise  of  tomorrow 


CIRCLE  49  ON  READER  SERVICE  CARO  49 


10  BIT  REGISTER’^  / 
ACTUAL  SIZE  / 


A  COMPLETELY  NEW  KIND  OF  SHIFT  REGISTER 
USING  MAGNETIC  ELEMENTS  ONLY... 


Here  is  the  first  commercially  available  line  of  all- 
magnetic  shift  registers.  Now  you  can  have  both  non¬ 
destructive  dynamic  and  static  output  in  the  same 
register.  Now  you  can  have  the  minimum  number  of 
components,  the  minimum  number  bit  to  bit  inter¬ 
connections  and  any  serial/parallel  input  and  output 
combination.  Made  with  AMP  multiaperture  ferrite 
cores  and  copper  wire  only  (see  schematic  below), 


AMP-MAD  SHIFT  REGISTER 


CLOCK  DRIVE  INPUT 
ADVANCE  "O"  TO  "E” 
ADVANCE  •■E”  TO  "O” 
PRIME  CURRENT 


the  AMP  Shift  Register  line  has  a  number  of  other 
useful  features: 

0  — 40®C  to  -f-yS^C  temperature  operating  range 
0  minor  aperture  output  level  up  to  100  mw  at  sev¬ 
eral  volts 

0  immune  to  nuclear  radiation 
^  small  size— ideal  for  miniaturization  requirements 
0  ultimate  in  reliability  and  simplification 


NON  DESTRUCTIVE 
STATIC  OUTPUT 


READOUT  DRIVE 


DYNAMIC  OUTPUT 


For  complete  information,  including  operating  data,  send  for  our  AMP-MAD*  Shift  Register  brochure. 

_  _  _  ‘ThiH  Kifk 

AMP  Incorporated 

GENERAL  OFFICES:  HARRISBURG,  PENNSY  LV  A  N  I A 

AMP  products  and  engineering  assistance  are  available  through  subsidiary  companies  in:  Australia  •  Canada  •  England  •  France  •  Holland  •  Italy  •  Japan  •  West  Germany 
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Multibeam  Cathode-Ray  Tube 
Aids  Shock- Wave  Studies 


This  cathode-ray  tube,  which  displays  a  raster  of  thirty-nine 
traces  originating  from  separate  electron  injectors,  is  useful  in 
research  where  amplitudes  can  be  presented  as  time  durations 


By  LLOYD  MANCEBO, 

Lawrence  Radiation  Laboratory, 
University  of  California, 
Livermore,  California 


ALTHOUGH  CATHODE  ray  tubes  with 
dual  guns  are  in  common  use  and 
some  special  purpose  ten-gun  tubes 
are  commercially  available,  for 
shock-wave  studies  in  which  a  hun¬ 
dred  signals  are  compared  a  crt 
with  many  more  guns  is  needed. 
However,  when  forty  or  fifty  of  the 
standard  commercial  guns,  each 
with  its  own  focusing  and  deflection 
systems,  are  stacked  side  by  side 
a  tube  of  formidable  dimensions 
results.  To  scale  down  a  standard 
gun  to  diminutive  size  is  imprac¬ 


tical  because  the  electron  beam  in¬ 
tensity  would  be  reduced  and  me¬ 
chanical  tolerances  could  not  be 
easily  maintained.  Moreover,  all 
that  is  required  for  shock-wave 
studies  is  a  bar-graph  display  with 
an  on-off,  time-dependent  trace. 

Out  of  such  considerations  there 
evolved  a  common,  spherical  lens 
system  that  focuses  the  beams  from 
multiple  injectors  and  affords  a 
common  crossover  point  permitting 
a  single  pair  of  deflection  plates  to 
sweep  all  of  the  beams.  A  tube  of 
reasonable  size  was  possible  only 
after  techniques  were  developed 
that  allowed  the  fabrication  of  a 
miniature,  grid-controlled  electron 


injector.  The  tube,  which  displays 
a  raster  of  thirty-nine  traces  and 
has  a  time  resolution  of  one  part  in 
a  thousand,  excels  in  one-shot,  fast- 
transient,  diagnostic  work. 

A  single  lens  with  low  aberra¬ 
tions  and  little  bulk  has  been  de¬ 
scribed.^  The  lens  is  essentially  two 
concentric  spheres,  but  since  the 
image  produced  is  virtual,  a  small 
hole  is  provided  in  the  smaller 
sphere  (anode).  In  this  lens,  as 
adapted,  an  electron  emitted  at  the 
cathode  dish  arrives  at  the  anode 
and  passes  through  the  hole.  As  it 
passes  through,  it  experiences  the 
divergent  lens  effect  of  the  aperture 
and  crosses  through  a  point  slightly 
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,hed  diirivg 


bevoiid  ’.lit’  sreometrical  center.  All 
the  beam'  from  the  electron  injec¬ 
tors.  whith  are  alonp  a  segment  of 
the  cathode  dish,  pass  through  this 
crossover  point,  .so  it  is  here  that 
the  deflection  plates  have  been  lo¬ 
cated. 

Only  that  portion  of  the  cathode 
dish  radially  opposite  the  anode 
hole  is  useful,  but  removing  the 
unused  portion  distorts  the  spher¬ 
ical  field.  However,  the  field  can  be 
restored  with  a  cascade  of  field¬ 
shaping  electrodes  between  the 
cathode  dish  and  the  anode.  The 
electrode  voltages  can  be  closely  de¬ 
termined  in  a  tank  with  a  wedge- 
.shaped  electrolyte.  This  electrode 
configuration  is  shown  in  Fig.  1. 

An  injector  in  this  tube  is  an 
indirectly  heated  electron  emitter 
spaced  behind  an  aperture  in  the 
grid  cylinder.  The  injector  is 
mounted  on  the  outside  of  the  cath¬ 
ode  dish  by  spot  welding  the  grid 
cylinder  to  the  dish.  This  technique 
permits  the  grids  to  be  electrically 
grounded  through  a  low  common 
impedance,  thereby  shielding  the 
individual  cathodes  and  decreasing 
the  crosstalk.  The  cathode-to-grid 
spacing  is  large  (0.020  inch  rather 
than  the  more  usual  0.005  inch )  to 
insure  a  good  mechanical  tolerance 
in  such  a  small  assembly  and  to 
provide  a  good  cutoff  characteristic. 
The  aperture  in  the  grid  cylinder 
focuses  the  electron  beam  approxi¬ 
mately  110  inch  inside  the  cathode- 
dish  radius.  It  is  this  cros.sover 
that  the  lens  focuses  on  the  screen. 
Because  the  electrons  at  the  cathode 
dish  have  such  small  components 
of  velocity  tangential  to  the  cathode 
di.sh,  the  circle  of  confusion  on  the 
screen  is  small  despite  high  electron 
energy. 

The  tube  i  Fig.  1  )  consists  of  a 
vacuum  envelope,  39  electron  in¬ 
jectors,  field-forming  electrodes 
'vithin  a  spherical  lens,  a  pair  of 
horizontal  deflection  plates  and 
phosphorescent  screen.  The  tube  is 
-4  inches  overall  and  has  a  maxi¬ 
mum  diameter,  that  of  the  screen, 
of  nine  inches.  Total  weight  is  about 
100  pound.'.  Figure  2A  is  a  picture 
of  the  tube  on  a  te.st  stand. 

The  vacuum  envelope  is  glass  and 
Kovar  with  demountable  steel 
flanges  and  copper  gaskets  to  permit 
disassembly  without  rebuilding. 

A  settled  P-11  phosphor  (zinc 


sulfide  with  a  silver  activator) 
forms  the  screen.  The  first  screen 
employed  was  an  evaporated  P-5 
(calcium  tungstate)  phosphor  that 
had  better  resolution  and  less  hala¬ 
tion  than  the  P-11.  The  settled 
phosphor,  however,  has  a  greater 
luminescent  efficiency.  An  alumi¬ 
num  film,  approximately  1,000  A 
thick,  was  evaporated  over  the  phos¬ 
phor  to  prevent  electron  .sticking 
and  to  complete  the  shielding  for 
the  field-free  region  between  focus¬ 
ing  anode  and  screen. 

A  photograph  of  the  lens  and 
electron  injectors  before  enveloping 
appears  in  Fig.  2B.  The  anode  and 
the  cathode  dish  radii  are  one  and 
eight  inches  respectively.  The  hole 
in  the  anode  is  approximately  1 
inch  in  diameter  and  is  10.6  inches 
from  the  screen.  The  injectors  are 
mounted  radially  on  approximately 
1 /10-inch  centers  along  a  four-inch 
segment  of  the  cathode  dish. 

These  electron  injectors  are  only 
•j  inch  in  length  and  0.110  inch  in 
diameter.  The  assembly  is  sketched 
in  Fig.  3A  and  the  components  are 
shown  beside  the  injector  in  Fig. 
3B.  The  emitting  surface  is  a  bar¬ 
ium-strontium-calcium  oxide.  It  is 
indirectly  heated  with  a  bifilar 
winding  of  three-mil  tung.sten  wire 
spray  coated  with  two  mils  of  RCA 
Alundum  for  insulation.  The  alu¬ 
mina  insulators  are  cast  in  carbon 
molds  and  the  nickel  cathode  and 
grid  are  electroformed.  The  focal 
length  of  the  aperture  is  approxi¬ 
mately  0.100  inch,  neglecting  space- 
charge  effects.  In  future  tubes  the 
cathode  emission  surface  will  be 
made  concave  to  increase  the  beam 
current  and  to  prefocus  the  elec¬ 
trons  in  the  gun.  The  beam  current 
in  the  present  model  is  approxi¬ 
mately  5  microamperes. 

In  operation,  the  start  of  an  event 
to  be  measured  triggers  the  .sweep 
generator  and  turns  on  the  beams. 
(Figure  1  shows  the  external  test 
circuit.!  Some  time  later  a  positive 
pulse  applied  to  the  cathode  of  the 
individual  injector  shuts  off  the 
trace.  The  length  of  the  trace  is 
proportional  to  the  duration  of  the 
event  and  is  measured  with  time 
marks  superimposed  on  the  trace. 
The  tube  can  be  used  in  one-shot, 
on-off  applications  or  it  can  be  elec¬ 
trically  or  mechanically  cycled  over 
short  durationa. 


The  cathode  heaters  are  operated 
in  parallel  at  five  volts  and  draw  a 
total  current  of  15  amperes.  The 
cathode  bia.s,  approximately  one 
volt,  is  adju.sted  for  each  gun  so 
that  each  trace  is  equally  bright  on 
the  .screen.  A  sweep  length  of  eight 
inches  requires  that  a  push-pull 
sawtooth  of  two  Kv  be  applied  to 
the  deflection  plates.  The  deflection 
.sensitivity  is  approximately  .500 
volts  per  inch.  The  anode  voltage 
is  10  Kv.  An  astigmatism  correc¬ 
tion  is  applied  in  the  direct-current 
positioning  circuit. 

The  lens  system  yields  a  trace 
with  extremely  good  depth  of  focus 
with  minor  aberrations,  a  small  pin 
cushion  distortion  being  the  most 
prominent.  When  a  square  pulse  is 
applied  to  one  of  the  guns,  the 
raster  shows  a  time  resolution  of 
one  part  in  a  thousand  or  0.1  per¬ 
cent.  Spot  size  is  0.015  inch. 

The  tube  and  circuits  were  te.sted 
with  an  exploding  gas  contained  in 
a  cylindrical  chamber.  A  cros.s- 
section  of  the  chamber  and  the  cir¬ 
cuit  for  the  middle  pin  is  shown 
.schematically  in  Fig.  4A.  Each  of 
the  other  pins  was  similarly  tied  to 
an  injector  but  not  to  the  gate-time 
mark  generator.  A  spark  ignited  a 
mixture  of  oxygen  and  propane  and 
a  compression  wave  was  generated. 
The  expanding  wave  front  pressed 
an  aluminum  foil  again.st  the  row 
of  projecting  pins,  grounding  them. 
The  center  pin,  slightly  longer  than 
the  rest,  acted  as  the  sweep  and 
time  mark  generator  trigger.  As 
successive  pins  w’ere  grounded,  the 
corresponding  guns  were  turned  off. 
A  raster  photographed  in  this  ex¬ 
periment  is  shown  in  Fig.  4B. 

This  tube,  although  designed  for 
shock-wave  diagnostic  work,  will 
find  application  in  any  field  where 
amplitudes  can  be  presented  as 
time  durations. 

A  C  K  X  O  W  L  E  D  C;  M  E  X  T  S 

The  aiithnr  ackniiwledse.s  tlie  help  of  the 
teelinieian.x  wlio  eoiistriieted  am)  tested 
the  tulie:  I).  Stewart.  W.  Tindall  and  A. 
.Maildux.  He  thanks  H.  .M.  <  >wren  for  ideas 
anil  eneouraKeineiit.  and  10.  Sikorsky,  for 
desiijn  of  the  test  l  ircuit.  This  report  was 
I>rel>ared  hy  I.etivitt. 

Work  on  this  projeet  was  done  under 
the  auspices  of  the  I’.  S.  -Atoinie  lOnerKy 
Commission. 
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FIG.  U — Exploding  gas  in  chamber  is  used  to  test  the  mtdtibeam  tube  (A),  and  a  typical  raster  photographed  durwg 
such  a  test  (B) 
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beyond  the  geometrical  center.  All 
the  beams  from  the  electron  injec¬ 
tors,  which  are  along  a  segment  of 
the  cathode  dish,  pass  through  this 
crossover  point,  so  it  is  here  that 
the  deflection  plates  have  been  lo¬ 
cated. 

Only  that  portion  of  the  cathode 
dish  radially  opposite  the  anode 
hole  is  u.seful,  but  removing  the 
unused  portion  distorts  the  spher¬ 
ical  field.  However,  the  field  can  be 
restored  with  a  cascade  of  field¬ 
shaping  electrodes  between  the 
cathode  dish  and  the  anode.  The 
electrode  voltages  can  be  closely  de¬ 
termined  in  a  tank  with  a  wedge- 
shaped  electrolyte.  This  electrode 
configuration  is  shown  in  Fig.  1. 

An  injector  in  this  tube  is  an 
indirectly  heated  electron  emitter 
spaced  behind  an  aperture  in  the 
grid  cylinder.  The  injector  is 
mounted  on  the  outside  of  the  cath¬ 
ode  dish  by  spot  welding  the  grid 
cylinder  to  the  dish.  This  technique 
permits  the  grids  to  be  electrically 
grounded  through  a  low  common 
impedance,  thereby  shielding  the 
individual  cathodes  and  decreasing 
the  crosstalk.  The  cathode-to-grid 
spacing  is  large  (0.020  inch  rather 
than  the  more  usual  0.005  inch)  to 
insure  a  good  mechanical  tolerance 
in  such  a  small  assembly  and  to 
provide  a  good  cutoflp  characteristic. 
The  aperture  in  the  grid  cylinder 
focuses  the  electron  beam  approxi¬ 
mately  1/10  inch  inside  the  cathode- 
dish  radius.  It  is  this  crossover 
that  the  lens  focuses  on  the  screen. 
Because  the  electrons  at  the  cathode 
dish  have  such  small  components 
of  velocity  tangential  to  the  cathode 
dish,  the  circle  of  confusion  on  the 
screen  is  small  despite  high  electron 
energy. 

The  tube  (Fig.  1)  consists  of  a 
vacuum  envelope,  39  electron  in¬ 
jectors,  field-forming  electrodes 
within  a  spherical  lens,  a  pair  of 
horizontal  deflection  plates  and 
phosphorescent  screen.  The  tube  is 
24  inches  overall  and  has  a  maxi¬ 
mum  diameter,  that  of  the  screen, 
of  nine  inches.  Total  weight  is  about 
100  pounds.  Figure  2A  is  a  picture 
of  the  tube  on  a  test  stand. 

The  vacuum  envelope  is  glass  and 
Kovar  with  demountable  steel 
flanges  and  copper  gaskets  to  permit 
disassembly  without  rebuilding. 

A  settled  P-11  phosphor  (zinc 


sulfide  with  a  silver  activator) 
forms  the  screen.  The  first  screen 
employed  was  an  evaporated  P-5 
(calcium  tungstate)  phosphor  that 
had  better  resolution  and  less  hala¬ 
tion  than  the  P-11.  The  settled 
phosphor,  however,  has  a  greater 
luminescent  efficiency.  An  alumi¬ 
num  film,  approximately  1,000  A 
thick,  was  evaporated  over  the  phos¬ 
phor  to  prevent  electron  sticking 
and  to  complete  the  shielding  for 
the  field-free  region  between  focus¬ 
ing  anode  and  screen. 

A  photograph  of  the  lens  and 
electron  injectors  before  enveloping 
appears  in  Fig.  2B.  The  anode  and 
the  cathode  dish  radii  are  one  and 
eight  inches  respectively.  The  hole 
in  the  anode  is  approximately  I 
inch  in  diameter  and  is  10.6  inches 
from  the  screen.  The  injectors  are 
mounted  radially  on  approximately 
1/10-inch  centers  along  a  four-inch 
segment  of  the  cathode  dish. 

These  electron  injectors  are  only 
i  inch  in  length  and  0.110  inch  in 
diameter.  The  assembly  is  sketched 
in  Fig.  3A  and  the  components  are 
shown  beside  the  injector  in  Fig. 
3B.  The  emitting  surface  is  a  bar¬ 
ium-strontium-calcium  oxide.  It  is 
indirectly  heated  with  a  bifilar 
winding  of  three-mil  tungsten  wire 
spray  coated  with  two  mils  of  RCA 
Alundum  for  insulation.  The  alu¬ 
mina  insulators  are  cast  in  carbon 
molds  and  the  nickel  cathode  and 
grid  are  electroformed.  The  focal 
length  of  the  aperture  is  approxi¬ 
mately  0.100  inch,  neglecting  space- 
charge  effects.  In  future  tubes  the 
cathode  emission  surface  will  be 
made  concave  to  increase  the  beam 
current  and  to  prefocus  the  elec¬ 
trons  in  the  gun.  The  beam  current 
in  the  present  model  is  approxi¬ 
mately  5  microamperes. 

In  operation,  the  start  of  an  event 
to  be  measured  triggers  the  sweep 
generator  and  turns  on  the  beams. 
(Figure  1  shows  the  external  test 
circuit.)  Some  time  later  a  positive 
pulse  applied  to  the  cathode  of  the 
individual  injector  shuts  off  the 
trace.  The  length  of  the  trace  is 
proportional  to  the  duration  of  the 
event  and  is  measured  with  time 
marks  superimposed  on  the  trace. 
The  tube  can  be  used  in  one-shot, 
on-off  applications  or  it  can  be  elec¬ 
trically  or  mechanically  cycled  over 
short  dnrationa. 


The  cathode  heaters  are  operated 
in  parallel  at  five  volts  and  draw  a 
total  current  of  15  amperes.  The 
cathode  bias,  approximately  one 
volt,  is  adjusted  for  each  gun  so 
that  each  trace  is  equally  bright  on 
the  screen.  A  sweep  length  of  eight 
inches  requires  that  a  push-pull 
savi;ooth  of  two  Kv  be  applied  to 
the  deflection  plates.  The  deflection 
sensitivity  is  approximately  500 
volts  per  inch.  The  anode  voltage 
is  10  Kv.  An  astigmatism  correc¬ 
tion  is  applied  in  the  direct-current 
positioning  circuit. 

The  lens  system  yields  a  trace 
with  extremely  good  depth  of  focus 
with  minor  aberrations,  a  small  pin 
cushion  distortion  being  the  most 
prominent.  When  a  square  pulse  is 
applied  to  one  of  the  guns,  the 
raster  shows  a  time  resolution  of 
one  part  in  a  thousand  or  0.1  per¬ 
cent.  Spot  size  is  0.015  inch. 

The  tube  and  circuits  were  tested 
with  an  exploding  gas  contained  in 
a  cylindrical  chamber.  A  cross- 
section  of  the  chamber  and  the  cir¬ 
cuit  for  the  middle  pin  is  shown 
schematically  in  Fig.  4A.  Each  of 
the  other  pins  was  similarly  tied  to 
an  injector  but  not  to  the  gate-time 
mark  generator.  A  spark  ignited  a 
mixture  of  oxygen  and  propane  and 
a  compression  wave  was  generated. 
The  expanding  wave  front  pressed 
an  aluminum  foil  against  the  row 
of  projecting  pins,  grounding  them. 
The  center  pin,  slightly  longer  than 
the  rest,  acted  as  the  sweep  and 
time  mark  generator  trigger.  As 
successive  pins  were  grounded,  the 
corresponding  guns  were  turned  off. 
A  raster  photographed  in  this  ex¬ 
periment  is  shown  in  Fig.  4B. 

This  tube,  although  designed  for 
shock-wave  diagnostic  work,  will 
find  application  in  any  field  where 
amplitudes  can  be  presented  as 
time  durations. 
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FIG.  1 — Crystal-controlled 
halloon-borne  receiver  uses 
crystal  filters  as  i-f  emit¬ 
ter  bypass  elements  to  pro¬ 
duce  des'red  selectivity 
curve.  Tone  signals  activ¬ 
ate  resonant-reed  relay  Ki 
which  in  turn  drives  four- 
layer  diode  Di  to  turn  out¬ 
put  relay  Ki  on  or  off.  Re¬ 
lay  Ki  energizes  balloon- 
borne  equipment 


Radio  Command  Set  for 


Lightiveight  command  receiver  uses  tone  signals  to  activate  balloon-borne  gear. 
Combination  of  resonant-reed  relay  and  four-layer  diode  permits  positive  reception  i 
on  crowded  military  radio  channel 


Unmanned  high  altitude  balloon 
flig’hts  require  light-weight  and  re¬ 
liable  radio  command  equipment. 

The  frequencies  normally  used  to 
communicate  with  the  high-flying 
balloons  are  the  high-frequency 
bands  between  3  and  18  Me,  so  the 
command  system  must  not  operate 
on  voice  modulation  or  the  usual 
clutter  of  skip  signals  and  hetero¬ 
dynes  usually  found  within  this 
portion  of  the  frequency  spectrum. 

Other  requirements  are  high 
sensitivity  for  operation  over  long 
skip  paths  and  a  broad  overall 
selectivity  to  allow  for  the  small 
variations  in  carrier  frequency 
found  in  military  field  communica¬ 
tion  transmitters. 

The  device  consists  of  three 
parts :  the  ground  transmitter,  bal¬ 
loon-borne  receiver  and  its  associ¬ 
ated  decoder. 

The  airborne  receiver,  shown  in 
Fig.  1,  is  a  crystal-controlled  super¬ 
heterodyne  using  MADT ,  ger¬ 
manium  transistors  in  r-f  stage  Qi, 
autodyne  converter  Q*  and  i-f  stages 
Qs  and  Q,.  The  selectivity  of  the  i-f 
stages  is  greatly  improved  by  the 
use  of  crystal  filters  in  the  emitter 

200  ft  high-altitude  balloon  being 
launched  at  Crosby,  Minnesota.  Inset 
shows  ground  transmitter  and  balloon- 
borne  components  of  command  set 
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High-Altitude  Balloons 


By  R.  W.  FRYKMAN, 

Schjeldahl  Co., 
Xorthfield,  Minnesota 


bypass  circuits.  This  results  in  a 
symmetrical  selectivity  curve  5  Kc 
wide  at  the  3-db  points. 

Triode  second  detector  Q*  is  used 
because  it  provides  stronger  age 
signals  than  the  usual  diode  de¬ 
tector.  An  input  signal  range  of  55 
db  from  5  /tv  results  in  an  audio¬ 
signal  level  change  of  3  db.  The 
signal-to-noise  ratio  is  20  db  below 
1  /iV. 

Audio  signals  from  the  receiver 
are  applied  to  3-reed  resonant  relay 
Ki  as  shown  in  Fig.  1.  When  ex¬ 
cited  by  its  particular  audio  fre¬ 
quency,  each  reed  makes  intermit¬ 
tent  closure  with  its  associated  con¬ 
tact. 

The  command  transmitter,  shown 
in  Fig.  2,  consists  of  three  stable 
audio  oscillators  and  a  low-powered 
crystal-controlled  transmitter.  The 
three  audio  signals  are  generated 
by  Qi,  Qi  and  Q,  at  frequencies  be¬ 
tween  200  and  500  cps  determined 
by  the  feedback  network  of  each 
oscillator. 

Audio  amplifier  Q,  acts  as  the 
modulator  for  the  low-power  crys¬ 
tal-controlled  carrier  generator  as 
well  as  an  impedance  matching  net¬ 
work  for  the  microphone  input. 

When  the  arming  pushbutton  of 
the  ground  transmitter  is  de¬ 
pressed,  the  received  audio  signal 


FIG.  2 — Ground-based  transmitter  can  be  tone-modulated  by  either  of  three 
tones,  each  corresponding  to  a  particular  reed  of  receiving  relay  Kt 


causes  reed-1  of  relay  A,  to  make 
intermittent  contact  to  charge  ca¬ 
pacitor  Cl  through  resistor  i?,.  The 
duration  of  the  charge  on  C,  is 
determined  by  resistor  R3.  This 
time  constant  is  3  seconds. 

When  the  operating  pushbutton 
on  the  ground  transmitter  is  de¬ 
pressed  (within  3  seconds  of  apply¬ 
ing  the  arming  signal),  the  audio 
tone  causes  resonant  reed  2  to  op¬ 
erate  thus  applying  the  negative  po¬ 
tential  from  Cl  through  coupling 
network  C,  and  R»  to  the  junction 
of  four-layer  diode  Di  and  silicon 
diode  Da. 

This  momentary  negative  pulse  is 
in  excess  of  the  four-layer  diode 
striking  potential  causing  it  to  con¬ 
duct  heavily  through  the  parallel 


combination  of  /2,  and  the  coil  of 
output  relay  Ka.  Operation  of  re¬ 
lay  Ka  turns  on  the  desired  balloon- 
borne  equipment. 

The  load  current,  thus  relay  K.,, 
can  be  turned  off  by  operating  the 
arming  signal  for  3  seconds  and 
then  operating  resonant  reed  3. 
This  reed  is  connected  to  the  junc¬ 
tion  of  the  load  and  the  four-layer 
diode  through  i?,  and  Ca.  The  re¬ 
sulting  momentary  negative  pulse 
depresses  the  four-layer  diode  cur¬ 
rent  below  its  minimum  holding 
value  causing  it,  and  relay  K,  to 
turn  off. 

Resistor  dissipates  any  charge 
built  up  on  Ca  by  random  excitation 
of  the  resonant-reed  relay  by  noise 
or  voice  signals. 
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TRANSISTOR  OPERATION 


By  V.  W.  VODICKA, 

Lenkurt  Electric  Co.,  Inc.,  San  Carlos,  Calif. 

R.  ZULEEG, 

Hughes  Semiconductor  Laboratory, 

Newport  Beach,  Calif. 


Low-power  microwave  transmitter  uses  1.56-Gc  modulated  oscillator  circuit 


Experimental  setup  uses  butterfly  resonator  in  iSO-Mc  converter  circuit 


'  ^  ■'  - 


BEYOND  CUTOFF  FREQUENCY 


Special  converter  circuit  allows  useful  amplification  considerably  beyond  the 
normal  frequency.  The  technique  is  useful  mainly  with  high-frequency  transistors 


THE  HIGH  FREQUENCY  performance 
of  a  transistor  can  be  defined  with¬ 
out  ambiguity  as  the  frequency  at 
which  the  gain  drops  to  unity.*  In 
a  straightforward  application  of 
transistors  to  previously  known  cir¬ 
cuits,  useful  gain  with  existing 
transistor  types  is  limited  to  about 
700  Me.  By  impurity  gradients  in 
the  base  of  a  transistor,*  that  cause 
drift  rather  than  the  slow  diffusion 
of  minority  carriers,  the  frequency 
performance  is  extended.  However, 
even  with  the  development  of  the 
mesa  transistor,’  frequency  re¬ 
sponse  is  limited  by  the  geometry 
of  the  structure.  By  shrinking  the 
size,  better  performance  can  be 
obtained  but  power  handling  capa¬ 
bilities  are  sacrificed.  Diffusion- 
type  transistors  with  graded  base 
widths  have  a  theoretical  frequency 
response  in  the  gigacycle  range  but 
the  limitations  on  high  frequency 
performance  are  the  capacitances 
of  the  p-n  junctions.  These  capac¬ 
itances  are  proportional  to  the  junc¬ 
tion  area,  so  that  reduction  in  size 


helps;  on  the  other  hand,  smaller 
size  generally  decreases  power 
rating. 

Practical  limits  in  commercially 
available  transistors  are  a  max¬ 
imum  frequency  of  oscillation 
around  1  Gc  and  30  to  50  mw  power 
dissipation  (2N700,  2N502),  al¬ 
though  experimental  values  of  3 
Gc  at  50  mw  have  been  reported.* 

A  new  mode  of  operation  makes 
it  possible  to  extend  the  useful 
frequency  range  of  certain  types 
of  transistors.  The  technique  uses 
a  converter  or  mixer  circuit. 

Taking  advantage  of  oscillatory 
conditions  of  a  transistor  and  the 
complex  phase  relation  of  the  cur¬ 
rents  in  existing  loops,  a  stable 
mode  of  operation  is  established 
whereby  the  undesirable  capac¬ 
itances  apparently  are  removed  by 
incorporating  them  into  tuned  ele¬ 
ments.  Thus  the  transistor  oper¬ 
ates  under  conditions  that  show  a 
true  frequency  performance  that 
is  limited  only  by  the  transit  time 
of  minority  carriers  across  the 


effective  base  width. 

Transistors  with  equal  to 
600  Me  produced  gains  at  1.4  Gc; 
others  with  1  Gc  /„„  had  gains  in 
the  2.3  Gc  region,  well  beyond  their 
normal  cutoff  limits.  Relatively  no 
sacrifice  in  power  dissipation  was 
made  and  a  better  frequency  per¬ 
formance  was  obtained  even  at  the 
same  power  dissipation. 

The  circuits  are  given  in  Fig.  lA 
and  IB.  The  basic  circuit  is  an  os¬ 
cillator.  Oscillation  requires  that 
input  and  output  be  180  degrees 
out  of  phase  and  that  the  loop  gain 
be  unity  or  greater.  Feedback  is 
applied  through  capacitance  Cr, 
Fig.  lA.  The  feedback  loop  reflects 
the  input  impedance  into  the  out¬ 
put  and  the  tuned  circuit  sees  a 
negative  impedance  in  the  region 
of  oscillation.  The  input  imped¬ 
ance  Z,„  is  negative,  equivalent  to 
a  capacitive  reactance.  For  the  con¬ 
verter  circuit,  the  input  blocking 
resistance  R  has  been  replaced  by 
inductance  L,  (Fig.  1C)  and  a  sec¬ 
ond  resonance  circuit  L,„  Co  added 
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FIG.  2 — Complex  input  impedance  for  Hughes  GXG4  npn  transistor  (A);  input  impedance  for  pnp  mesa  transistor  (B) 


in  the  collector.  The  transistor  is 
oscillating  at  frequency  /t  (smaller 
than  the  /m«) ;  with  f,.  determined 
by  tank  circuit  Ll  and  Cl. 

The  input  of  the  transistor  is 
then  current  tuned  to  give  max¬ 
imum  conversion  gain  for  signal 
frequency  Capacitor  Cr  controls 
the  amount  of  feedback  and  there¬ 
fore  the  conversion  gain.  The  re¬ 
quirements  on  the  transistor  are 
that  during  current-tuning  of  the 
input,  o.scillation  must  be  main¬ 
tained.  These  conditions  are  met 
by  only  a  few  high-frequency  types. 
However,  conversion  is  merely  a 
function  of  the  external  circuit 
elements.  The  circuit  can  be  made 
extremely  stable  at  high  gains  if 
matching  conditions  are  satisfied. 
Figure  1C  shows  the  circuit. 

For  frequency  conversion,  as¬ 
sume  that  only  oscillation  frequency 
/t  and  signal  frequency  f.  are  of 
appreciable  amplitude.  Applying 
the  square  law  and  superposition: 

[sin  (2jr/t/)  +  sin  (2t/,/)P  = 
sin*  (2-rfiX)  -f  2  sin  l2irftt)  sin  (2TrfJ) 

+  sin*  (2irfJ)  (lA) 
Only  the  cross-product  between  the 
frequencies  is  interesting  and  can 
be  written 

2  sin  (2ir/i/)  sin  (2TrfJ)  = 

cos  \2ir(jL  -  /,)/) 

+  COS  \2ir(fL  +  m  (IB) 

Frequency  modulates  a  non¬ 
linear  network — the  input  imped¬ 
ance  of  the  transistor — so  that  the 
network  transfer  function  at  f„  the 
signal  frequency,  includes  a  major 
term  proportional  to  sin  (2jr  fL  t). 
The  parameter  to  describe  such  a 
function  quantity  is  the  conversion 
gain,  defined  as  the  ratio  of  an  out¬ 
put  voltage  Vd  at  the  difference  fre¬ 
quency  (/d  =  /t  —  /.)  to  an  input 
voltage  V.  at  The  output  repre¬ 


sents  therefore  a  high  impedance, 
which  depends  upon  the  Q  of  the 
Ll  Cl  circuit  and  other  shunt  im¬ 
pedances.  The  input  impedance  is 
low  and  close  to  the  real  part  of  the 
emitter  input  impedance  for  a  par¬ 
ticular  current  level  r,  [KT/q] 
[1//,]).  The  voltage  Vo  across  the 
Lu-Cd  circuit  can  therefore  appear 
only  at  a  frequency  fo  =  /l  —  f„ 
if  the  output  of  the  active  network, 
the  transistor,  contains  a  compo¬ 
nent  of  the  signal  input  voltage 
V,  at  This  is  the  case  when  a 
signal,  V„  is  applied  to  the  emitter 
input. 

Referring  to  the  theory  of  feed¬ 
back  amplifiers’  and  to  Fig.  ID,  the 
overall  voltage  amplification  factor 
Av,  is  given  by 

"  1  -  aK 

where  a  is  the  amplification  factor 
of  the  active  network  and  K  the 
feedback  ratio  of  output  to  input 
voltage  of  the  passive  feedback  net¬ 
work. 

In  general,  a  and  K  are  complex. 
Assume  that  K  can  be  adjusted 
and  is  therefore  a  constant.  Ampli¬ 
fication  factor  o  is  then  a  complex 
parameter  and  can  be  approximated 
by" 

_  exp  [-jw(///t)l 


ao  =  low  frequency  a  of  the 
transistor, 

/  =  amplifier  frequency  of 
operation, 

/c  =  angular  cutoff  frequency  of 
transistor,  and 

m  =  phase  factor  (0.21  for  dif- 
lusion  transistors,  greater 
than  0.21  for  drift  transis¬ 
tors). 

Inserting  Eq.  3  into  Eq.  2  and 
rearranging. 


Ar  =  aocxp  [— jm(///.)l/ 

|[1  -  oro  X  exp  [-jm(///.)l]  [1  +  j(///.) 

(1  -  ao  A’  exp  [-jm(//7rl)  ]( 

Equation  4  reveals  that  by  ad¬ 
justment  of  K,  to  compensate  for 
the  term  of  the  phasor  exp[-;m 
(///c)]  at  a  particular  frequency, 
resemblance  to  Eq.  2  can  be  re¬ 
stored.  On  the  other  hand  an  ap¬ 
parent  increase  in  frequency  re¬ 
sponse  has  been  obtained  of  l/jl  - 
a  „K  exp  [—jm(f/f^)]  \  when  com¬ 
paring  with  Eq.  3.  Likewise,’  noise 
of  such  an  amplifier  is  reduced  by 
the  same  fraction.  Both  increase 
of  frequency  response  and  reduc¬ 
tion  of  noise  are  confirmed  by  ex¬ 
perimental  data. 

When  applying  the  feedback 
principle  to  the  circuit  of  Fig.  1C, 
signal  V,  can  be  amplified  arbi¬ 
trarily  by  changing  the  feedback 
that  contains  the  term  1/2  cos  [2jr 
(/i,  —  f,)t]  and  converting  it  into 
a  signal  Vd  at  fo  =  ft  —  /••  A  calcu¬ 
lation  of  Vd  in  terms  of  intrinsic 
transistor  parameters  and  external 
circuit  elements  will  not  be  at¬ 
tempted  here.  However,  when  com¬ 
paring  the  new  mode  of  operation 
with  conventional  circuits,®  the  local 
oscillator,  which  is  the  transistor 
itself,  can  be  operated  with  much 
higher  power  and  is  not  restricted 
to  the  condition  Va  q/KT  ^  1  to 
to  avoid  substantial  distortion. 
Conversion  gain  is  then  merely  a 
function  of  the  feedback  amplifier 
and  is  almost  independent  of  tran¬ 
sistor  parameters  up  to  frequencies 
beyond  normal  cutoff,  if  the  condi¬ 
tions  of  oscillation  and  input  cur¬ 
rent  tuning  are  met  for  the 
frequency  of  operation. 

The  upper  limit  of  frequency, 
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FIG.  3 — Circuit  for  measuring  conversion  gain 


TABLE — Best  Results  (With  Approximately  2  Me) 


f.  Bandwidth 

Conv  Gain 

Input  dbm 

Z 

mV 

s/n 

Noise  Fig 

4.50  Me  20  Kc 

TO  db 

-106 

40 

1 

21  db 

5db 

1.50  Kc 

60  db 

-107 

.50 

1 

10  db 

6db 

750  Kc 

49  db 

-107 

50 

1 

3  db 

6db 

Average  results 

450  Nfc  150  Kc 

56  db 

-107 

50 

1 

7db 

8.5  db 

/m.„  at  which  oscillations  may  be 
maintained  is  usually  expressed  by* 

"  a]  8xr^Cc“ 

Where 

ao  =  low  frequency  current 
amplihcation  factor, 
ri'  Cc  =  extrinsic  base  resistance 

collector  layer  capacitance 
product,  and 

Jea  =  alpha  cutoff  frequency  of 
transistor. 

For  maximum  gain  in  the  con¬ 
verter  circuit,  it  is  necessary  to 
tune  the  input  impedance  with  a 
d-c  current.  This  is  not  possible  for 
most  high-frequency  transistors. 
For  maximum  output  gain,  the  in¬ 
put  circuit  has  to  produce  matching 
whereby  minimum  input  impedance 
is  established.  This  effect  was 
demon.strated  experimentally.  The 
complex  behavior  of  the  input  im¬ 
pedance,  hi„,  has  been  studied  and 
correlation  with  circuit  perform¬ 
ance  indicates  that  best  stability 
and  maximum  gain  is  obtained  for 
transistors  with  minimized. 

Measurements  of  a  Hughes  experi¬ 
mental  pnp  mesa  transistor  showed 
excellent  stability  and  performance 
(see  Fig.  2A) ;  pnp  mesa  tran¬ 
sistors  exhibited  instabilities  in  the 


FIG.  U — Conversion  gain  (A)  for  two 
transistors  (both  type  GXGU)  in  the 
circuit  of  Fig.  3.  Signal-to-noise 
ratios  for  one  of  the  transistors  is 
shown  in  (B).  Conversion  gain  with 
and  without  feedback  (C)  for  same 
type  transistor 


circuit  and  require  critical  bias 
adjustment  (see  Fig.  2B).  Besides 
the  two  transistor  types  mentioned, 
good  results  were  obtained  with  the 
Philco  madt  2N502,  a  transistor 
partly  limited  by  the  maximum 
allowable  dissipation.  The  input 
impedance  measurement  offers  a 
simpler  way  than  transfer  function 
measurement  to  study  the  frequency 
cutoff  properties  of  the  device,  since 
the  alpha-circuit  generator  is  im¬ 
plicitly  in  the  base  lead  resistance, 
yielding 

ha  =r.(f)+  r/  (1  -  a)  (6) 

Where 

a  =  the  complex  form  of  Eq.  3 
and 

r.  if)  =  emitter  differential  resist¬ 
ance,  shunted  by  depletion 
layer  and  diffusion  capaci¬ 
tance. 

Thus  the  emitter  capacitance  is  im¬ 
portant  to  assure  good  amplifica¬ 
tion  at  harmonics  of  the  funda¬ 
mental  frequency. 

Measurements  have  been  made 
with  a  Hughes  GXG4  transistor 
with  input  impedance  characteris¬ 
tics  as  plotted  in  Fig.  2A.  The  test 
circuit  for  conversion  gain  data 
is  shown  in  Fig.  3. 

Figure  4A  is  a  plot  of  conversion 
gain  of  the  Hughes  GXG4  units  at 
a  local-oscillator  frequency  of  350 
Me  with  a  l-^iV  input  signal  at  348 
Me.  The  emitter  current  was  used 
as  a  variable  to  demonstrate  the 
current  tuning  effect  at  a  fixed  col¬ 
lector  voltage  of  —9  volts. 

Figure  4B  gives  the  correspond¬ 
ing  signal-to-noise  ratio  of  one 
transistor  and  confirms  optimum 
noise  performance  at  maximum 
conversion  gain.  From  a  circuit 
performance  with  no  feedback 
mechanisms,  a  gain  of  approxi¬ 
mately  5  db  can  be  predicted  for 
=  600  Me  and  a  6-db  per  octave 
slope.  Figure  4C  shows  a  plot  of 
gain  against  frequency  with  and 
without  feedback  and  reveals  the 
gain  bandwidth. 

Figure  5A  shows  the  results  for 
another  transistor  with  an  of 
approximately  1,000  Me.  The  tank 
had  a  high  Q  at  the  third  and  fourth 
harmonics  but  the  input  was  un¬ 
tuned.  When  the  input  was  tuned 
to  resonate  at  almost  the  input  sig¬ 
nal  frequency,  the  gain  increased 
12  db.  The  oscillator  was  at  450 
Me,  the  input  signal  at  1,350  Me. 

Figure  5B  shows  that  best  re- 
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suits  are  obtained  when  /,  is  close 
to  When  the  mixer  is  used  as 
a  synchronous  detector,  the  gain 
was  approximately  6  db  above  the 
curve  for  the  2  Me  i-f.  The  gain- 
bandwidth  products  shown  are  not 
the  best  obtainable,  as  the  extension 
of  the  bandwidth  was  achieved  by 
loading  the  LdCd  resonance  cir¬ 
cuit  by  a  noninductive  resistor  Rd. 

When  using  the  mixer  circuit 
(Fig.  3),  the  transistor  has  a  ten¬ 
dency  to  oscillate  at  unwanted  fre¬ 
quencies,  sometimes  determined  by 
the  CdLd  resonant  circuit  and  some¬ 
times  at  frequencies  where  L,  and 
L.,  play  a  role.  Proper  matching  to 
the  resonant  circuit  Q  (butterfly, 
split  cavity  or  other  resonator)  is 
essential.  The  resonant  circuit 
should  preferably  have  a  higher  Q 
at  the  second,  third  or  higher  har¬ 
monics  than  at  the  fundamental. 
Sufficient  neutralization  must  be 
provided  for  the  demodulated  fre¬ 
quency;  this  can  best  be'  accom¬ 
plished  by  determining  the  correct 
constants  of  Ci,  C»  and  C,. 

Matching  and  selection  of  tran¬ 
sistor  parameters  produced  the  re¬ 
sults  shown  in  the  Table.  The 
results  are  for  /t  «  2  Me  and  are 
the  best  that  were  obtained.  Ex¬ 
periments  were  also  conducted  with 
/.  of  1.56  and  1.9  Gc.  With  the 
device  used  as  a  harmonic  power 
generator  at  the  same  frequencies, 
efficiency  exceeded  5  percent. 

Useful  gain  can  be  produced  well 
beyond  normal  cutoff  at  frequen¬ 
cies  that  are  multiples  of  the  local 
oscillator  frequency.  The  conclu¬ 
sions  are  supported  by  the  theory 
of  harmonic  power  generation  in 
nonlinear  networks  and  can  be  seen 
from  Eq.  1,  which  contains  the 
terms  of  w/t.  Extrapolations  of  the 


measurements  to  predict  ultimate 
performances  in  the  mode  are  sub¬ 
ject  to  speculation.  However, 
matching  in  the  test  circuits  has 
not  been  fully  perfected  and  tran¬ 
sistor  designs  have  not  been  fully 
explored,  so  the  extension  of  the 
useful  frequency  range  of  avail¬ 
able  transistors  into  the  5  to  10  Gc 
region  is  a  possibility. 

Some  of  the  applications  of  the 
circuit  include  use  as  a  front-end 
mixer  oscillator  for  uhf  and  micro- 
waves,  local  oscillator,  pump  power, 
synchronous  detector  (phase  lock), 
particularly  with  pulse  modulation 
techniques  and  as  a  harmonic  gen¬ 
erator. 

Considerable  gain  with  the  mode 
is  obtained  beyond  the  normal  cut¬ 
off  region,  both  for  the  fundamental 
frequency  of  oscillation  and  for 
harmonics  of  that  frequency.  All 
the  advantages  of  a  feedback  am¬ 
plifier,  even  under  oscillatory  condi¬ 
tions,  are  preserved,  including  in¬ 
crease  in  gain-bandwidth,  noise 
reduction,  and  reduction  in  the  in¬ 
fluence  of  transistor  parameter 
variations  on  gain. 

Although  feedback  amplification 
and  current  input  impedance  tuning 
do  agree  qualitatively  with  the  ex¬ 
perimental  data,  a  quantitative 
analysis  that  includes  the  mathe¬ 
matical  model  of  the  transistor  is 
desirable.  This  evaluation  is  now 
under  way  but  is  not  yet  completed. 
The  prevailing  conditions  of  oscil¬ 
lation  establish  a  state  of  extreme 
changes  in  the  nonlinear  elements 
of  the  transistor  and  it  is  the  non¬ 
linear  variations  that  are  mainly 
responsible  for  the  conversion  prop¬ 
erties.  Specifically,  the  displace¬ 
ment  currents  in  transistor  input 
and  output  capacitances  require 


attention.  This  attention  is  directed 
toward  the  intrinsic  transport  fac¬ 
tor  (alpha  current  generator)  and 
the  feedback  factor 


JW_ 
d  Vc 


The  analysis  is  concerned  in  ap¬ 
plication  of  this  up-conversion  gain 
to  harmonic  power  generation.  The 
simultaneous  presence  of  sweeping 
fields  across  the  base  widths,  W, 
offer  possibilities  that  have  to  be 
confirmed  by  theory  and  experi¬ 
ment. 

The  authors  are  grateful  to  R.  A. 
Gudmundsen  and  G.  M.  LebedefI 
for  valuable  discussions  and  sup¬ 
port  in  technical  matter. 

[Ed.  Note:  In  Mr.  Vodicka’s  let¬ 
ter  accompanying  galleys,  he  com¬ 
ments:  “(Since  submitting  the 
manuscript  to  you,)  we  have  con¬ 
ducted  further  experiments  which 
produced  still  better  performance 
and  better  results  at  higher  fre¬ 
quencies;  useful  gain  at  3.2  Gc  with 
commercial  transistors,  without 
coaxial  cases.”] 
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decreases  as  the  i-f  band  increases  (B) 
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Complete  projector  (left)  uses  amplifier  assembly  (right).  Slide  switches 
are  mechanically  interlocked  to  operate  simultaneously 

Magnetic  Sound  Track 
For  8 -MM  Home  Movies 


Basic  incompatibility  of  film  drive  and  tape  transport  requirement  i  m  a 
magnetic  stripe-on-film  system  is  overcome  by  care  in  head  and  film 
transport  design.  High-quality  sound  is  achieved  by  equalization  techniques 

By  J.  M.  MORIARTY,  R.  B.  JOHNSON  and  R.  J.  ROMAN, 

Development  Engineers,  Eastman  Kodak  Co.,  Rochester,  New  York 

HOME  MOVIES  of  the  8-mm  variety  the  need  for  determining  satisfac-  using  the  film  as  a  compliance  mem- 
can  be  made  more  useful  by  adding  tory  equalization.  her  that  drives  sound  drum  D 

a  sound  track.  This  article  describes  The  film  transport  system  is  loosely  coupled  to  flywheel  M 
a  system  for  providing  a  sound  shown  schematically  in  Fig.  lA  through  a  friction  clutch.  The 
record  on  a  magnetic  stripe  applied  while  Fig.  IB  shows  its  electrical  clutch  allows  slippage  of  the  sound 
to  conventional  8-mm  movie  film,  analogy.  The  system  is  a  low-pass  drum  relative  to  the  flywheel  dur- 
The  magnetic  stripe  is  approxi-  filter  that  attenuates  the  flutter  and  ing  the  starting  transient, 
mately  0.030  in.  wide  located  about  some  of  the  wow  generated  in  the  The  compliance  of  the  film  be- 
0.002  in.  from  the  edge  of  the  film  at  the  sprocket.  Flutter  is  pro-  tween  the  sprocket  and  support 
sprocket-hole  side  of  the  film.  duced  by  engagement  of  the  roller  H  is  indicated  by  Ci.  Unless 

Film  drive  systems  that  meet  the  sprocket  teeth  with  film  perfora-  damped,  this  compliance  will  act 
requirements  of  picture  projection  tions  and  by  irregularities  in  the  with  the  flywheel  moment  of  inertia 
fall  short  of  satisfying  the  needs  driving  gear  train.  Wow  is  gen-  and  cause  the  flywheel  to  oscillate 
of  a  magnetic  audio  tape  trans-  erated  by  gross  irregularities  in  the  at  a  frequency  determined  by  the 
port.  Furthermore,  the  location  and  sprocket  drive  system.  In  practice  values  of  compliance  and  inertia, 
dimensions  of  the  magnetic  stripe  these  can  be  tightly  controlled,  and  The  damping  mechanism,  the  two 
on  the  film  require  a  record-play-  therefore  a  minimum  of  wow  is  closely-spaced,  fixed  support  rollers 
back  head  designed  for  this  applies-  easily  attained.  R  and  H,  prevents  flexing  in  all 

tion.  Added  to  these  problems,  is  Mechanical  filtering  is  done  by  part  of  the  film  path  except  that 
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FIG.  1 — Tight  loop  film  transport  system  mechanical  arrangement  (A)  and 
photograph,  with  its  electrical  analogy  shown  in  (B) 


immediately  adjacent  to  the 
sprocket  (Ci).  The  tendency  of  the 
film  next  to  the  sprocket  to  sustain 
oscillation  is  eliminated  by  supply¬ 
ing  large  support  roller  R  with  a 
spring-loaded  friction  surface  that 
uniformly  resists  film  motion  be¬ 
tween  the  sprocket  and  sound  drum. 
This  resistance-damped  support 
roller  serves  another  function  if  its 
resistance  is  adjusted  to  be  greater 
than  maximum  take-up  reel  torque 
— it  causes  the  sprocket  to  func¬ 
tion  as  a  drive  sprocket,  rather  than 
a  holdback  sprocket.  This  reduces 
the  need  for  carefully  controlled 
bearing  clearances  in  the  rest  of  the 
system  to  provide  sufficient  film 
drag  to  assure  the  same  drive 
sprocket  operation. 

The  system  reduces  flutter  pro¬ 
duced  at  the  sprocket  to  under  0.16- 
percent  rms  at  the  scanning  point 
with  8  mm  film  traveling  at  linear 
speeds  of  2.7  and  3.6  inches  per 
second  (corresponding  to  18  and  24 
frames  per  second,  respectively). 

This  offers  very  rapid  damping 
of  the  starting  transient  (within 
one  second)  and  is  very  stable. 

Oscillations  that  may  be  caused 


by  splices  or  other  inhomogeneities 
completely  dampen  out  within  one- 
quarter  of  a  second. 

The  system  is  a  low-pass  filter, 
and  can  be  represented  by  the 
equivalent  circuit  of  Fig.  IB.  High- 
frequency  disturbances  generated 
at  S  are  substantially  attenuated  by 
C,  and  M,  and  to  a  lesser  extent  by 
Cj  and  Cl.  Oscillation  between  M 
and  Cl  and  Ca  is  damped  by  resist¬ 
ance  /?„  while  oscillation  between 
M  and  C,  is  dissipated  by  R,. 

One  of  the  major  difficulties  in 
designing  an  8-mm  sound  projector 
is  the  tremendous  abrasion  to  which 
the  necessarily  small  pole  pieces  of 
the  record-playback  head  are  sub¬ 
jected.  This  problem  was  overcome 
through  the  selection  of  an  alumi¬ 
num-iron  magnetic  alloy  known  as 
Alfenol,  because  of  its  desirable 
magnetic  and  wear-resistant  prop¬ 
erties.  The  material  was  formu¬ 
lated  by  the  Naval  Ordnance  Lab¬ 
oratories.  The  gap  is  shimmed  with 
0.00025-in.  beryllium  copper. 
Molded  nylon  bobbins  support  and 
position  the  windings,  which  cons  st 
of  350  turns  on  each  bobbin  c  in- 
nected  so  as  to  cancel  hum  voltajes 


due  to  any  stray  external  field.  No 
spacer  is  used  at  the  back  gap.  The 
head  is  potted  in  a  mumetal  cup 
which  serves  both  as  a  container 
and  as  a  magnetic  shield. 

The  record-playback  amplifier  is 
shown  in  Fig.  2.  The  record  ampli- 
fier  consists  of  a  two-stage  voltage 
amplifier  V,  which  drives  output 
tube  Vi.  To  linearize  frequency  re¬ 
sponse  and  reduce  distortion  to  an 
acceptable  level,  10  db  of  negative 
feedback  from  the  secondary  of  the 
output  transformer  is  used.  Oscil¬ 
lator  Vi  supplies  bias  and  erase  cur¬ 
rent  at  40  Kc.  Transistor  Q„ 
connected  as  a  common  emitter 
amplifier,  serves  as  a  playback  pre¬ 
amplifier  to  provide  ijequired  play¬ 
back  equalization  and  gain. 

Two  input  connectors  are  pro¬ 
vided  for  recording.  The  micro¬ 
phone  input  is  designed  to 
accommodate  ceramic  and  crystal 
microphones,  or  any  high  imped¬ 
ance  program  source  requiring  the 
gain  available  at  this  jack.  The  volt¬ 
age  gain  from  microphone  input  to 
the  nominal  loudspeaker  load  is  54 
db,  with  a  frequency  response  of  70 
cps  to  10  Kc  at  ±  2  db. 

The  phonograph  input  enables 
the  recording  of  background  music, 
sound  effects,  or  other  program  ma¬ 
terial  from  sources  not  requiring  the 
high  gain  at  the  microphone  input. 
Voltage  gain  from  the  input  to  loud¬ 
speaker  load  is  14  db.  The  same 
socket  can  also  be  used  as  an  output 
jack  to  drive  an  external  power  am¬ 
plifier  or  sound  system,  since  the 
playback  signal  is  equalized  ahead 
of  this  point. 

In  the  record  mode  the  signal  to 
the  internal  loudspeaker  is  reduced 
by  R,  to  a  comfortable  listening 
level  permitting  its  use  as  a  m.oni- 
tor  loudspeaker.  The  jack  for  the 
external  loudspeaker  permits  select¬ 
ing  either  the  internal  or  the  ex¬ 
ternal  speaker,  or  both. 

Two  neon  lamps  provide  a  visual 
display  for  monitoring  the  record¬ 
ing  process.  Red  neon  lamp  h 
lights  whenever  the  record-playback 
switch  is  in  the  record  position. 
This  warns  the  operator  against 
accidental  erasure.  Clear  neon  lamp 
/,  has  a  calibrated  firing  voltage 
which  functions  as  a  record  level 
indicator.  The  lamp  fires  at  peak 
signal  levels  exceeding  the  maxi¬ 
mum  distortion  level. 


electronic* 


Of  all  the  parameters  that  con¬ 
tribute  to  high  quality  magnetic 
recording  performance,  good  record 
and  playback  equalization  is  one  of 
the  most  important.  The  medium 
must  be  used  to  its  maximum  ca¬ 
pability  to  optimize  performance 
with  respect  to  distortion,  signal-to- 
noise  ratio  and  frequency  response. 
Since  these  three  characteristics 
are  interdependent  it  is  neces¬ 
sary  to  achieve  the  best  overall  com¬ 
promise.  Having  determined  an 
equalization  it  must  then  be  defined 
so  as  to  be  reproducible  and  useful 
as  a  tool  for  measurement. 

Equalization  may  be  defined  by 
specifying  the  response-frequency 
characteristic  of  the  playback  sys¬ 
tem.  Alternately,  the  response 
versus  frequency  characteristic  on 
the  magnetic  track  can  be  defined. 
The  choice  of  one  of  these  dictates 
what  the  other  must  be  to  yield  a 
smooth  overall  response. 

The  ideal  contour  of  the  recorded 
surface  induction  versus  frequency 
curve  should  permit  the  same  maxi¬ 
mum  distortion  (usually  2  or  3  per¬ 
cent)  for  all  frequencies  within  the 
passband.  Stated  differently,  all 


frequencies  recorded  should  ideally 
just  saturate  the  tape  to  the  2  or  3 
percent  distortion  level.  This  yields 
the  best  signal-to-noise  ratio  by  re¬ 
cording  at  the  maximum  permis¬ 
sible  level. 

The  peak  audio  energy  for  a  wide 
variety  of  program  material  is 
greatest  in  the  300  to  600-cps  region 
falling  off  below  and  above  this.  The 
peak  audio  energy  determines  the 
saturation  level  on  the  tape,  there¬ 
fore  the  peak  energy  distribution 
should  influence  equalization. 

Best  results  are  obtained  when 
treble  preemphasis  is  supplied  dur¬ 
ing  recording  and  bass  boost  is  sup¬ 
plied  as  part  of  playback.  Treble 
boost  is  supplied  by  the  network  of 
R..,  and  C,.  Resistor  R..  is  a  high 
impedance  current  source  for  the 
record  head,  with  the  parallel  net¬ 
work  R3  and  Cl  providing  the  treble 
boost  at  high  frequencies.  The  fre¬ 
quency  at  which  treble  boost  begins 
is  determined  by  the  time  constant 
of  this  network.  Playback  equaliza¬ 
tion  is  provided  by  losser  network 
Rt  and  C,  at  the  output  of  pream¬ 
plifier  Qi. 

The  curve  of  playback  amplifier 


FIG.  2 — Vacuum-tube  amplifier 
uses  transistor  preamplifier  for 
playback  only 


FIG.  S — Frequency  response  and 
equalization  curves  for  amplifier 
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response  is  shown  in  Fig.  3.  Note 
the  agreement  between  this  curve 
for  8-mm  sound  tracks  at  24  frames 
per  second  (3.6  inches  per  second) 
and  that  used  by  many  tape  re¬ 
corders  at  3.75  inches  per  second. 

Switching  from  record  to  play¬ 
back  requires  transferring  a 
number  of  circuits.  Since  these  in¬ 
clude  low-level  input  circuit  as  well 
as  the  high-level  output  and  the 
bias-erase  oscillator,  it  is  necessary 
to  prevent  coupling  between  cir¬ 
cuits.  This  is  done  by  separating 
the  circuits  to  be  switched,  using 
three  separate  dpdt  slide  switches 
and  locating  them  where  they 
logically  fit  in  the  circuit.  The 
sliders  of  all  three  switches  are  then 
linked  with  a  common  actuating 
bar.  The  part  of  the  actuating  bar 
that  extends  up  through  the  support 
deck  is  step  notched  so  that  it  locks 
the  actuating  bar  in  the  playback 
position.  To  transfer  the  switch  to 
the  record  position  it  is  necessary 
to  lift  upward  on  the  knob,  lifting 
the  notch  up  above  the  support  deck, 
and  then  to  pull  back.  This  requires 
a  conscious  effort,  and  thus  guards 
against  accidental  erasure. 

The  phenolic  circuit  board  is 
mounted  parallel  to  the  steel  sup¬ 
port  deck.  The  amplifier  is  com¬ 
pletely  assembled  and  wired  prior 
to  dip  soldering.  After  soldering, 
the  circuit  board  is  cleaned  of  flux 
residue  and  the  tubes  inserted. 

This  approach  requires  that  the 
circuit  board  be  firmly  mounted  in 
its  ultimate  location  before  dip 
soldering.  Warping  or  deformation 
due  to  thermal  shock  is  thus  con¬ 
strained.  Furthermore,  no  subse¬ 
quent  additional  stress  is  imposed 
on  the  board  by  forcing  it  to  con¬ 
form  to  a  plane  different  from  that 
which  it  assumes  as  a  result  of  the 
thermal  strains  of  soldering.  Even 
if  it  becomes  necessary  to  separate 
the  circuit  board  from  the  support 
plate  for  repair  or  servicing  it  can 
be  safely  reassembled  since  it  is  a 
prestressed  circuit  board  naturally 
conforming  to  its  mounting  posi¬ 
tion.  This  technique  yields  a  re¬ 
liable  circuit  board,  completely  free 
of  hair  line  cracks  or  delaminations. 

The  steel  plate  supports  the 
transformers,  and  acts  as  a  mag¬ 
netic  shield  between  them  and  the 
circuit  board.  Further  shielding 
can  be  applied  selectively. 
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Usual  barrier  potential  difficulties  associated  with  semiconductor 

components  are  overcome  by  a  bridge  configuration,  pei'mitting 
the  circuit  to  sample  signals  doivn  to  a  10  millivolt  level 
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diodes  of  which  are  co'nventional 
silicon  diodes  while  the  lower  two 
are  zeners.  A  signal  whose  ampli¬ 
tude  is  to  be  clamped,  or  sampled,  is 
applied  at  input  II;  a  second,  gate 
signal,  which  occurs  during  the 
interval  of  the  first  signal,  is 
applied  at  input  I.  An  emitter 
follower  is  used  to  obtain  a  low 
driving  impedance  for  the  bridge. 

When  the  blocking  oscillator  in 
Fig.  1  is  fired  by  the  input  gate, 
a  short-duration  pulse  is  applied 
across  the  bridge  by  the  oscillator 
tertiary  winding.  This  pulse  keys 
the  bridge  for  the  pulse  duration 
of  the  blocking  oscillator,  the  upper 
diodes  then  conduct  in  the  for¬ 
ward  direction,  while  the  lower 
(zener)  diodes  are  placed  in  the 
region  of  zener  conduction. 

During  this  keyed  interval,  if 


the  bridge  is  balanced,  points  A 
and  D  will  be  virtually  connected, 
and  the  output  capacitor  will  be 
charged  to  the  peak  value  of  the 
signal  at  A. 

The  sampled  signal  at  A  may  be 
small  in  amplitude  but  the  output 
storage  or  memory  capacitor  will 
be  charged  to  that  amplitude  since 
the  barrier  potentials  of  the  diodes 
are  cancelled. 

Upon  the  termination  of  the 
blocking  oscillator  pulse,  the  output 
capacitor  will  remain  charged  and 
may  discharge  only  through  the 
reverse  impedance  of  the  diodes, 
which  impedance  is  deliberately 
arranged  to  be  high. 

A  detailed  schematic  of  the  cir¬ 
cuit  is  shown  in  Fig.  2A.  In  this 
circuit  a  potentiometer  is  employed 
in  the  bridge  to  compensate  for 
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SEMICONDUCTOR  CLAMP  and  detect¬ 
ing  circuits  of  the  conventional 
type  are  subject  to  inaccuracies 
when  applied  in  the  millivolt  range, 
owing  to  their  barrier  potential 
nonlinearities.  The  purpose  of  the 
circuit  described  is  to  provide  a 
method  for  clamping  pulses  in 
the  millivolt  range  to  any  d-c 
level  even  though  these  pulses 
are  below  the  barrier  potentials.  It 
is  also  useful  for  sampling  pulse 
amplitudes  in  the  millivolt  range 
and  to  store  the  sampled  amplitude 
in  a  memory  capacitor. 

Use  of  semiconductor  devices  in 
circuits  involving  sampling  meas¬ 
urements  of  low  voltages  is  com¬ 
plicated  by  a  characteristic  inher¬ 
ent  to  the  semiconductor  itself. 

At  all  temperatures  above  absolute 
zero  a  barrier  potential  exists  due 
to  the  formation  of  the  depletion 
layer  at  the  p-n  junction.  This 
depletion  layer  in  essence  is  a 
dielectric  medium  since  it  is  a  region 
depleted  of  both  majority  and  min¬ 
ority  carriers.  The  electrostatic 
potential  which  exists  across  the 
depletion  layer  is  a  function  of  the 
temperature 

V„  =  [kT/q]  [In  (NP  D,‘)] 

As  the  temperature  increases  the 
depletion  layer  becomes  wider  and 
the  barrier  potential  increases. 

In  the  circuit  of  Fig.  1,  the 
barrier  potential  problem  is  can¬ 
celled  by  a  bridge  type  balanced 
detector.  Storage  is  obtained  by 
using  zener  diodes  in  two  arms  of 
the  bridge,  since  these  zeners  pre¬ 
vent  discharge  of  the  storage 
capacitor. 

The  clamp  circuit  consists  of  a  FIG.  1 — Peak  voltage  of  imput  waveform  is  stored  on  the  memory  capacitor, 

four-diode  bridge,  the  upper  two  waveforms  appear  at  bridge  points  indicated 
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slight  differences  in  the  voltage 
drops  across  the  diodes;  in  addi¬ 
tion,  resistors  are  included  in  series 
with  the  tertiary  winding  to  limit 
the  diode  current  during  keying. 

It  is  usually  desirable  in  employ¬ 
ing  circuits  of  the  sampling  and 
storage  tj'pe  to  have  a  memory  of 
infinate  time  constant.  With  prac¬ 
tical  circuit  elements  this  is  not 
feasible.  Careful  circuit  design 
and  selection  of  components  will, 
however,  provide  a  leakage  resist¬ 
ance  suitable  for  most  applica¬ 
tions.  In  general,  a  readout  cir¬ 
cuit  having  a  minimum  of  shunt 
loading  of  the  memory  is  employed 
in  this  application.  Ideally,  the 
circuit  would  be  applied  to  the  grid 
of  a  vacuum  tube.  For  storage 
times  of  longer  than  one  second, 
special  consideration  of  tube  types 
would  be  required  to  insure  a  grid 
conduction  of  sufficiently  small 
value. 

Since  the  storage  device  of  Fig. 
2A  has  the  advantage  of  permitting 
the  use  of  semiconductor  compo- 
ents,  it  would  be  desirable  to  em¬ 
ploy  a  readout  circuit  of  semicon¬ 


ductors,  also.  To  do  so  the  in¬ 
put  impedance  of  the  readout 
circuit  should  be  at  least  ten  meg¬ 
ohms  and  preferably  higher.  Meas¬ 
urements  made  on  the  circuit  of 
Fig.  2 A  have  indicated  the  perform¬ 
ance  which  may  be  expected  at 
various  signal  levels.  A  graph  of 
input  gate  amplitude  versus  d-c 
output.  Fig.  2B,  shows  that  good 
linearity  ranging  from  9  volts 
down  to  10  millivolts  was  obtained 
from  the  breadboard  model. 

Data  for  the  linearity  curve 
shown  was  taken  at  room  tempera¬ 
ture.  Since  the  barrier  potential  of 
the  diodes  will  vary  with  tempera¬ 
ture,  it  is  indicated  that  compensa¬ 
tion  elements  should  be  included 
in  the  legs  of  the  bridge  for  satis¬ 
factory  operation  over  a  wide 
temperature  range.  These  would 
be,  typically,  thermistors  or  Sensis- 
tors  placed  in  series  with  the  in¬ 
dividual  diodes.  In  employing  this 
clamp  circuit  with  gates  having 
fast  switching  times,  where  the 
capacitance  of  the  diodes  is  sig¬ 
nificant,  the  addition  of  small 
capacitors  across  each  leg  of  the 


bridge  would  be  helpful  in  balanc¬ 
ing  out  high-frequency  switching 
transients. 

In  addition  to  the  advantages  of 
analog  storage  at  low-voltage  levels, 
the  capability  of  increased  dynamic 
range  is  attractive.  Assuming  a 
minimum  voltage  of  19  millivolts, 
which  is  well  above  the  minimum 
value  observed  during  tests,  and  a 
maximum  voltage  level  of  10  volts, 
a  linear  dynamic  range  of  60  db  is 
easily  obtainable.  In  circuits  where 
the  barrier  potential  is  a  limiting 
factor,  a  maximum  output  level  of 
1,000  volts  would  be  required  for  a 
60  db  dynamic  range. 

The  advantage  of  operation  in 
the  millivolt  range,  then,  is  clear 
when  a  wide  dynamic  range  is  re¬ 
quired. 

The  disadvantage  in  using  sig¬ 
nals  in  the  millivolt  level,  other 
than  noise  problems,  are :  the  neces¬ 
sity  to  use  devices  for  coupling  ele¬ 
ments  similar  to  the  clamp  under 
consideration  and  the  difficulty  in 
handling  the  full  dynamic  range  on 
an  amplitude  basis  with  a  simple 
device  other  than  digital. 


fig.  2 — Balancing  potentiometer  compensates  for  individual  variations  in  characteristics  of  bridge  components  (A);  lin- 
tanty  of  circuit  operation  extends  over  10-millivolt  to  10-volt  range  (B) 


PEAK  PULSE  AMPLITUDE 


CAPACITOR 


POTENTIOMETER 


65 


SEMICONDUCTOR  CLAMP 


U.sHal  burner  pufentktl  difficulties  associated  with  semiconductor 

components  are  overcome  bij  a  bridcje  configuration,  permitting 
the  circuit  to  sample  signals  down  to  a  10  millivolt  level 
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SKMK'ONDUCTOK  CLAMP  and  detect¬ 
ing  circuits  of  the  conventional 
type  are  subject  to  inaccuracies 
when  applied  in  the  millivolt  ranjre, 
owing  to  their  barrier  potential 
nonlinearities.  The  purpose  of  the 
circuit  described  is  to  provide  a 
method  for  clamping  pulses  in 
the  millivolt  range  to  any  d-c 
level  even  though  these  pulses 
are  below  the  barrier  potentials.  It 
is  also  useful  for  .sampling  pulse 
amplitudes  in  the  millivolt  range 
and  to  store  the  sampled  amplitude 
in  a  memory  capacitor. 

Use  of  semiconductor  devices  in 
circuits  involving  .sampling  meas¬ 
urements  of  low  voltages  is  com¬ 
plicated  by  a  characteristic  inher¬ 
ent  to  the  semiconductor  itself. 
At  all  temi)erature.s  above  absolute 
zero  a  barrier  potential  exists  due 
to  the  formation  of  the  depletion 
layer  at  the  p->i  junction.  This 
depletion  layer  in  essence  is  a 
dielectric  medium  since  it  is  a  region 
dei)leted  of  both  majority  and  min¬ 
ority  carriers.  The  electrostatic 
potential  which  exists  across  the 
depletion  layer  is  a  function  of  the 
temperature 

V„  ^  ;AT/</]  [In  (NP  D/)\ 

As  the  temperature  increases  the 
depletion  layer  becomes  wider  and 
the  barrier  potential  increases. 

In  the  circuit  of  Fig.  1.  the 
barrier  potential  problem  is  can¬ 
celled  by  a  bridge  type  balanced 
detector.  Storage  is  obtained  by 
using  zener  diodes  in  two  arms  of 
the  bridge,  since  these  zeners  pre¬ 
vent  discharge  of  the  storage 
cai)acitor. 

The  clamp  circuit  consists  of  a 
four-diode  bridge,  the  upper  two 
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diodes  of  which  are  ccinventional 
silicon  diodes  while  the  lower  two 
are  zeneis.  A  signal  who.se  ampli¬ 
tude  is  to  be  clamped,  or  sampled,  is 
applied  at  input  II;  a  second,  gate 
signal,  which  occurs  during  the 
interval  of  the  first  signal,  is 
applied  at  input  I.  An  emitter 
follower  is  used  to  obtain  a  low 
driving  impedance  for  the  bridge. 

When  the  blocking  oscillator  in 
Fig.  1  is  fired  by  the  input  gate, 
a  short-duration  pulse  is  applied 
across  the  bridge  by  the  oscillator 
tertiary  winding.  This  pulse  keys 
the  bridge  for  the  pulse  duration 
of  the  blocking  oscillator,  the  upper 
diodes  then  conduct  in  the  foi*- 
ward  direction,  while  the  lower 
(zener)  diodes  are  placed  in  the 
region  of  zener  conduction. 

During  this  keyed  interval,  if 


the  bridge  is  balanced,  points  A 
and  I)  will  be  virtually  connected, 
and  the  output  capacitoi-  will  be 
charged  to  the  peak  value  of  the 
signal  at  A. 

The  sampled  signal  at  .4  may  be 
small  in  amplitude  but  the  output 
storage  or  memory  capacitor  will 
be  chai'ged  to  that  amplitude  since 
the  barrier  potentials  of  the  diodes 
are  cancelled. 

Upon  the  termination  of  the 
blocking  oscillator  pulse,  the  output 
capacitor  will  remain  charged  and 
may  discharge  only  through  the 
reverse  impedance  of  the  diodes, 
which  impedance  is  deliberately 
arranged  to  be  high. 

A  detailed  schematic  of  the  cir¬ 
cuit  is  shown  in  Fig.  2A.  In  this 
circuit  a  potentiometer  is  employed 
in  the  bridge  to  compensate  for 


FIG.  1 — Peak  voltage  of  impat  icavefortu  is  stored  on  the  ineiiiorg  capaeitor; 
xeaveforms  appear  at  bridge  points  indicated 
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sliirht  ciitferences  in  the  voltajre 
drops  across  the  diodes;  in  addi¬ 
tion.  resistors  are  included  in  series 
with  the  tertiary  windinjr  to  limit 
the  diode  current  during  keyinK. 

It  i>  usually  desirable  in  employ- 
inir  circuits  of  the  sampling  and 
storage  type  to  have  a  memory  of 
infinate  time  constant.  With  prac¬ 
tical  circuit  elements  this  is  not 
feasible.  Careful  circuit  desijrn 
and  selection  of  components  will, 
however.  ])rovide  a  leakage  resist¬ 
ance  suitable  for  most  applica¬ 
tions.  In  general,  a  readout  cir¬ 
cuit  havinjr  a  minimum  of  shunt 
loading  of  the  memory  is  employed 
in  this  application.  Ideally,  the 
circuit  would  be  applied  to  the  grid 
of  a  vacuum  tube.  For  storage 
times  of  longer  than  one  second, 
.special  consideration  of  tube  types 
would  be  re(|uired  to  insure  a  grid 
conduction  of  sufficiently  small 
value. 

Since  the  storage  device  of  Fig. 
2A  has  the  advantage  of  permitting 
the  use  of  semiconductor  compo- 
ents,  it  w(»uld  be  desirable  to  em¬ 
ploy  a  readout  circuit  of  semicon¬ 


ductors,  al.so.  To  do  so  the  in¬ 
put  impedance  of  the  readout 
circuit  should  be  at  least  ten  meg¬ 
ohms  and  preferably  higher.  Mea.s- 
urements  made  on  the  circuit  of 
Fig.  2A  have  indicated  the  perform¬ 
ance  which  may  be  expected  at 
various  signal  levels.  A  graph  of 
input  gate  amplitude  versus  d-c 
output.  Fig.  2R,  shows  that  good 
linearity  ranging  from  9  volts 
down  to  10  millivolts  was  obtained 
from  the  breadboard  model. 

Data  for  the  linearity  curve 
shown  was  taken  at  room  tempera¬ 
ture.  Since  the  barrier  potential  of 
the  diodes  will  vary  with  tempera¬ 
ture,  it  is  indicated  that  compensa¬ 
tion  elements  should  be  included 
in  the  legs  of  the  bridge  for  .sati.s- 
factory  operation  over  a  wide 
temperature  range.  These  would 
be,  typically,  thermistors  or  Sensi.s- 
tors  placed  in  .series  with  the  in¬ 
dividual  diode.s.  In  employing  this 
clamp  circuit  with  gates  having 
fast  switching  times,  where  the 
cajaicitance  of  the  diodes  is  sig¬ 
nificant,  the  addition  of  small 
capacitors  across  each  leg  of  the 


bridge  would  be  helpful  in  balanc¬ 
ing  out  high-fre(iuency  switching 
transients. 

In  addition  to  the  advantages  of 
analog  storage  at  low-voltage  levels, 
the  capability  of  increa.sed  dynamic 
range  is  attractive.  Assuming  a 
minimum  voltage  of  19  millivolts, 
which  is  well  above  the  minimum 
value  observed  during  te.sts,  and  a 
maximum  voltage  level  of  10  volts, 
a  linear  dynamic  range  of  60  db  is 
easily  obtainable.  In  circuits  where 
the  barrier  potential  is  a  limiting 
factor,  a  maximum  output  level  of 
1,000  volts  would  be  required  for  a 
60  db  dynamic  range. 

The  advantage  of  operation  in 
the  millivolt  range,  then,  is  clear 
when  a  wide  dynamic  range  is  re¬ 
quired. 

The  disadvantage  in  using  sig¬ 
nals  in  the  millivolt  level,  other 
than  noi.se  problems,  are:  the  nece.s- 
sity  to  use  devices  for  coupling  ele¬ 
ments  similar  to  the  clamp  under 
consideration  and  the  difficulty  in 
handling  the  full  dynamic  range  on 
an  amplitude  basis  with  a  simple 
device  other  than  digital. 
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Method  for  determining 
the  acon.^tic  characteriatic 
of  lecture  Jmlls  and 
auditoriums  requires  am 
integrated  reading 
of  reflected  sound  patterns. 

Since  sound  energy  is 
proportional  to  the  square 
of  the  incideitt  amplitude, 
the  microphone  output 
is  squared  before  passing 
to  the  integrating  circuits 


FIG.  1 — Upper  photograph  shown  oscillograai  of  rcftectrd  sound  initters 
and  (same  photo)  portion  of  the  rva reform  selected  for  integration ;  the 
lower  illnst ration  is  overall  block  diagram  showing  s<inarer  and  intrgrntm 


Electrostatic  Squarer  for  Acoustic 


A  CONVENTIONAL  method  of  gaging 
the  acoustic  characteristics  of  lec¬ 
ture  halls  and  other  auditoriums 
consists  of  reading  special  words  to 
observers  within  the  hall,  who  then 
write  down  what  they  hear.  Echos 
and  other  forms  of  distortion  re¬ 
duce  the  intelligibility  of  these 
words,  so  a  measure  of  the  hall’s 
acoustic  acceptibility  is  the  per¬ 
centage  of  words  correctly  under¬ 
stood.  Unfortunately,  this  method 
is  time  consuming  and  subject  to 
error. 

Recently,  research  work  on  the 
mechanism  of  human  hearing  has 
given  insight  into  the  operation  of 
the  ear,  and  in  particular,  to  its 
integration  and  masking  character- 
i.stic.'  Knowing  more  about  the 
ear’s  operation,  it  is  now  possible  to 
deduce  from  an  analysis  of  sound 
patterns  produced  by  each  audi¬ 
torium,  just  how  acceptable  that 
auditorium  is  to  listener.s'. 


Sound  patterns  from  the  audi¬ 
toriums  are  analyzed  by  the  present 
equipment,  which  integrates  in¬ 
direct  sounds  that  arrive  after  the 
first  sound  from  the  source  is  re¬ 
ceived.  Integration  takes  place 
over  a  predetermined  interval, 
while  a  variable  delay  caters  to  re¬ 
flections  arriving  up  to  120  milli¬ 
seconds  after  the  initial  signal.® 

Integrator  output  which  is  a 
measure  of  .sound  energy  over  the 
period,  is  read  out  on  a  digital  indi¬ 
cator,  and  permits  the  hall’s  acous¬ 
tic  characteristic  to  be  mapped. 

The  design  of  this  equipment  is 
ba.sed  on  the  fact  that  the  force 
exerted  on  the  plates  of  a  capacitor 
is  proportional  to  the  square  of  the 
voltage  applied  between  the  plates. 
The  squaring  unit  consists  of  a  thin 
Duralumin  diaphragm  between  two 
electrodes.  The  signal  is  applied 
between  one  electrode  and  the  dia¬ 
phragm  causing  a  diaphragm  deflec¬ 


tion  proportional  to  the  square  of 
the  applied  voltage  (provided  this 
deflection  is  small).  Deflection 
causes  a  differential  frequency  devi¬ 
ation  of  two  r-f  oscillators  that  are 
controlled  by  the  capacitances  be¬ 
tween  the  diaphragm  and  electrodes. 
The  sum  of  the  frequency  devia¬ 
tions  on  either  side  of  quiescent  fre¬ 
quency  is  proportional  to  the  de¬ 
flection  of  the  diaphragm,  again 
provided  that  this  deflection  is 
small.  Hence,  over  a  range,  the  sum 
of  the  frequency  deviations  is  pro¬ 
portional  to  the  square  of  the  ap¬ 
plied  voltages.  The  sum  of  the  fre¬ 
quency  deviations  is  measured  by 
mixing  circuits,  gates,  and  an  elec¬ 
tronic  countei',  so  that  the  energy 
within  a  certain  period  is  given  by 

t. 

F  =  i\  r  'l-di  fb 

h 

where  K  is  a  constant  and  F  is  the 
sum  of  the  frequency  deviations. 
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A  block  diafFiam  of  the  complete 
sound  energy  inteKrator  circuit  i.s 
Siven  in  Fij?.  1.  The  circuit  can  be 
divided  into  two  .section.s;  the  tim- 
in?r  .section  includinj?  the  .signal 
Kate,  and  the  integrator  section 
with  its  associated  audio  amplifier. 

The  incoming  signal  from  the 
microphone  preamplifier  triggers 
the  timing  circuit  which  opens  the 
si.x  diode  gate  for  a  predetermined 
period  at  a  preselected  delay  after 
arrival  of  the  first  signal.  The  in- 
L'oming  signal  is  supplied  through 
the  Kate,  calibrated  attenuator,  two- 
■^taKe  fet'dliack  amplifier,  and  r-f 
fhoke,  to  the  one  electrode  of  the 
electrostatic  tran.sclucer.  The  two 
capacitors  of  the  electrostatic 
squaring  unit  control  the  frequen¬ 
cies  of  two  o.scillators  that  are 
'f'ixed  in  a  double  heterodyne  sys¬ 
tem  to  gi\c  a  zero  beat  when  no 
audio  signal  is  applied.  With  a 
'iKiial  applied,  a  fretjuency  devia¬ 


tion  between  the  two  oscillators  oc¬ 
curs  in  proportion  to  the  .square  of 
the  applied  voltage.  The  number  of 
cycles  is  counted  over  predeter¬ 
mined  periods  by  an  electronic 
counter  switched  by  the  square 
wave  which  actuates  the  gate. 

An  oscilloscope  may  be  triggered 
at  either  the  beginning  of  the  tim¬ 
ing  cycle  or  at  the  moment  the  gate 
i-  opened.  The  audio  signal  can  be 
checked  at  the  input  or  output  side 
of  the  gate  or  at  the  amiilifier  out- 
init. 

The  electrostatic  stiuaring  trans¬ 
ducer  is  shown  in  photograph  at  the 
top  of  p  (58.  This  device  consists 
of  a  0.025  mm  thick  Duralumin  dia¬ 
phragm  stretched  tightly  between 
two  electnides  2.(5  cm  in  diameter 
leaving  gaps  of  0.05  mm  on  either 
side  between  electrodes  and  dia¬ 
phragm.  The  entire  unit  i.s  .sealed 
into  a  glass  container  evacuated 
to  eliminate  air  damping  of  the  dia¬ 


phragm  and  to  reduce  the  effect  of 
temperature  variations  to  a  mini¬ 
mum. 

A  frequency  respon.se  curve  of 
the  electrostatic  unit  connected  as 
electrostatic  Eictuator  and  capacitor 
tran.sducer  is  given  in  Fig.  oA. 

A  circuit  diagram  of  the  inte¬ 
grator  section  i.s  given  in  Fig.  2A. 
This  section  consists  of  the  electro¬ 
static  squarer,  which  incorporates 
the  frequency  determining  elements 
of  two  transitron  negative  resi.st- 
ance  o.scillators  working  at  about 
:>.:i  Me  and  5t.8  Me.  The  inductors 
and  other  components  of  the  two 
oscillators  are  similar  to  keep  their 
drift  alike.  After  amplification  the 
signals  from  the  two  oscillators  are 
mi.xed  to  obtain  a  difference  fre¬ 
quency  of  500  Kc.  This  difference 
signal  is  passed  through  a  460  to 
500-Kc  band-pass  filter  and  mixed 
with  a  5()0-Kc  signal  from  a  crystal 
o.scillator  to  give  an  output  fre- 


^wgust  26,  I960 


/ 


TRIGGER 

SHAPER 


GATE 

TUBE 


delay 
Time  gen 


COM¬ 

PARATOR 


signal 
gate  gen 


■  ONE  SHOT 


SET  ♦ 
TRIGGER 
LEVEL 


REPETITIVE 


DELAY  TIME 


TWO  STAGE 

signal 

AMPL 


CRYSTAL 
.  OSC 
500  KC 


COUNTER 


COUNTER 

START-STOP 


BAND  PASS 
A60-500KC 


Electrostatic  Squarer  for  Acoustic 


A  CONVENTIONAL  method  of  gaging 
the  acoustic  characteristics  of  lec¬ 
ture  halls  and  other  auditoriums 
consists  of  reading  special  words  to 
observers  within  the  hall,  who  then 
write  down  what  they  hear.  Echos 
and  other  forms  of  distortion  re¬ 
duce  the  intelligibility  of  these 
words,  so  a  measure  of  the  hall’s 
acoustic  acceptibility  is  the  per¬ 
centage  of  words  correctly  under¬ 
stood.  Unfortunately,  this  method 
is  time  consuming  and  subject  to 
error. 

Recently,  research  work  on  the 
mechanism  of  human  hearing  has 
given  insight  into  the  operation  of 
the  ear,  and  in  particular,  to  its 
integration  and  masking  character¬ 
istic.’  Knowing  more  about  the 
ear’s  operation,  it  is  now  possible  to 
deduce  from  ah  analysis  of  sound 
patterns  produced  by  each  audi¬ 
torium,  just  how  acceptable  that 
auditorium  is  to  listeners'. 


Sound  patterns  from  the  audi¬ 
toriums  are  analyzed  by  the  present 
equipment,  which  integrates  in¬ 
direct  sounds  that  arrive  after  the 
first  sound  from  the  source  is  re¬ 
ceived.  Integration  takes  place 
over  a  predetermined  interval, 
while  a  variable  delay  caters  to  re¬ 
flections  arriving  up  to  120  milli¬ 
seconds  after  the  initial  signal.* 

Integrator  output  which  is  a 
measure  of  sound  energy  over  the 
period,  is  read  out  on  a  digital  indi¬ 
cator,  and  permits  the  hall’s  acous¬ 
tic  characteristic  to  be  mapped. 

The  design  of  this  equipment  is 
based  on  the  fact  that  the  force 
exerted  on  the  plates  of  a  capacitor 
is  proportional  to  the  square  of  the 
voltage  applied  between  the  plates. 
The  squaring  unit  consists  of  a  thin 
Duralumin  diaphragm  between  two 
electrodes.  The  signal  is  applied 
between  one  electrode  and  the  dia¬ 
phragm  causing  a  diaphragm  deflec¬ 


tion  proportional  to  the  square  of 
the  applied  voltage  (provided  this 
deflection  is  small).  Deflection 
causes  a  differential  frequency  devi¬ 
ation  of  two  r-f  oscillators  that  are 
controlled  by  the  capacitances  be¬ 
tween  the  diaphragm  and  electrodes. 
The  sum  of  the  frequency  devia¬ 
tions  on  either  side  of  quiescent  fre¬ 
quency  is  proportional  to  the  de¬ 
flection  of  the  diaphragm,  again 
provided  that  this  deflection  is 
small.  Hence,  over  a  range,  the  sum 
of  the  frequency  deviations  is  pro¬ 
portional  to  the  square  of  the  ap¬ 
plied  voltages.  The  sum  of  the  fre¬ 
quency  deviations  is  measured  by 
mixing  circuits,  gates,  and  an  elec¬ 
tronic  counter,  so  that  the  energy 
within  a  certain  period  is  given  by 

u 

E  =  K  r  Fdt  U) 

ti 

where  K  is  a  constant  and  F  is  the 
sum  of  the  frequency  deviations. 


FIG.  1 — Upioer  photograph  shows  oscillogram  of  reflected  sound  pattern 
and  (same  photo)  portion  of  the  waveform  selected  for  integration;  the 
lower  illustration  is  overall  block  diagram  showing  squarer  and  integrator 
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Method  for  determining 
the  acoustic  characteristic 
of  lecture  halls  and 

auditoriums  requires  an 

1 

integrated  reading 
of  reflected  sound  patterns. 

Since  sound  energy  is 
proportional  to  the  square 
of  the  incident  amplitude, 
the  microphone  output 
is  squared  before  passing 
to  the  integrating  circuits 
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flQ,  2 — Timing  circuit  can  be  set  to  accept  any  portion  of  the  incoming  sound  signal;  moreover,  the  time-period  of 
the  accepted  signal  is  also  variable  (B).  Chunks  of  the  sound  signal  passed  on  by  the  timing  circuits  are  first  squared 
by  the  electrostatic  sqimrer,  they  are  then  handed  on  to  the  digital  counter  for  final  integration  (A) 
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By  J.  P.  A.  LOCHNER  and  P.  MEFFERT, 

National  Physical  Research  Laboratory. Pretoria,  South  Africa 


A  block  diagram  of  the  complete 
sound  energy  integrator  circuit  is 
given  in  Fig.  1.  The  circuit  can  be 
divided  into  two  sections :  the  tim¬ 
ing  section  including  the  signal 
gate,  and  the  integrator  section 
with  its  associated  audio  amplifier. 

The  incoming  signal  from  the 
microphone  preamplifier  triggers 
the  timing  circuit  which  opens  the 
six  diode  gate  for  a  predetermined 
period  at  a  preselected  delay  after 
arrival  of  the  first  signal.  The  in¬ 
coming  signal  is  supplied  through 
the  gate,  calibrated  attenuator,  two- 
stage  feedback  amplifier,  and  r-f 
choke,  to  the  one  electrode  of  the 
electrostatic  transducer.  The  two 
capacitors  of  the  electrostatic 
squaring  unit  control  the  frequen¬ 
cies  of  two  oscillators  that  are 
wixed  in  a  double  heterodyne  sys¬ 
tem  to  give  a  zero  beat  when  no 
audio  signal  is  applied.  With  a 
signal  applied,  a  frequency  devia¬ 


tion  between  the  two  oscillators  oc¬ 
curs  in  proportion  to  the  square  of 
the  applied  voltage.  The  number  of 
cycles  is  counted  over  predeter¬ 
mined  periods  by  an  electronic 
counter  switched  by  the  square 
wave  which  actuates  the  gate. 

An  oscilloscope  may  be  triggered 
at  either  the  beginning  of  the  tim¬ 
ing  cycle  or  at  the  moment  the  gate 
is  opened.  The  audio  signal  can  be 
checked  at  the  input  or  output  side 
of  the  gate  or  at  the  amplifier  out¬ 
put. 

The  electrostatic  squaring  trans¬ 
ducer  is  shown  in  photograph  at  the 
top  of  p  68.  This  device  consists 
of  a  0.025  mm  thick  Duralumin  dia¬ 
phragm  stretched  tightly  between 
two  electrodes  2.6  cm  in  diameter 
leaving  gaps  of  0.05  mm  on  either 
side  between  electrodes  and  dia¬ 
phragm.  The  entire  unit  is  sealed 
into  a  glass  container  evacuated 
to  eliminate  air  damping  of  the  dia¬ 


phragm  and  to  reduce  the  effect  of 
temperature  variations  to  a  mini¬ 
mum. 

A  frequency  response  curve  of 
the  electrostatic  unit  connected  as 
electrostatic  actuator  and  capacitor 
transducer  is  given  in  Fig.  3A. 

A  circuit  diagram  of  the  inte¬ 
grator  section  is  given  in  Fig.  2A. 
This  section  consists  of  the  electro¬ 
static  squarer,  which  incorporates 
the  frequency  determining  elements 
of  two  transitron  negative  resist¬ 
ance  oscillators  working  at  about 
3.3  Me  and  3.8  Me.  The  inductors 
and  other  components  of  the  two 
oscillators  are  similar  to  keep  their 
drift  alike.  After  amplification  the 
signals  from  the  two  oscillators  are 
mixed  to  obtain  a  difference  fre¬ 
quency  of  500  Kc.  This  difference 
signal  is  passed  through  a  460  to 
500-Kc  band-pass  filter  and  mixed 
with  a  500-Kc  signal  from  a  crystal 
oscillator  to  give  an  output  fre- 
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FIG.  S — Calibration  curves  of  squarer 
and  integrator  are  di»cu*»ed  in  text 


quency  varying  from  zero  to  about 
35  Kc  for  maximum  deviation  of 
the  transducer  diaphragm.  This 
output  signal  is  fed  through  a  low- 
pass  filter  and  cathode  follower  to 
the  electronic  counter  input. 

A  circuit  diagram  of  the  timing 
section  is  given  in  Fig.  2B.  This 
section  passes  the  selected  portion 
of  signal  from  the  microphone  pre¬ 
amplifier  through  to  the  integrator 
section,  and  at  any  delay  after  the 
first  pulse  of  incoming  sound. 

The  incoming  signal  from  the 
microphone  preamplifier  feeds  the 
gate  input  and  trigger  shaper, 
this  latter  being  a  two-tube  bistable 
circuit  giving  sharp  pulses  when¬ 
ever  the  input  signal  exceeds  the 
setting  of  the  trigger  level  control. 
The  gate  tube  is  a  cold-cathode  type 
giving  visible  indication  of  being 
ON.  The  time  base  consists  of  a 
phantastron  saw-tooth  generator 
and  a  comparator,  giving  a  delay 
time  linearly  variable  from  zero  to 
120  milliseconds.  The  comparator 
triggers  the  integration  time  phan¬ 
tastron,  which  can  be  accurately 
adjusted  to  the  integration  period. 
The  integration  period  in  the  in¬ 
strument  is  switched  to  either  10 
millisec  or  1.5  sec. 

The  signal  gate  consists  of  a  bi- 
.stable  multivibrator  triggered  from 
the  phantastron  screen  grid,  plus 
two  cathode  followers  and  six  crys¬ 
tal  diodes.  In  the  off  position,  diodes 
D,  and  D*  are  conducting,  thereby 
biasing  D^,  D,  and  Dj  to  cutoff. 
In  the  ON  position  D,  and  Z),  are 
cut  off  while  D ,  D„  D,  and  Z),  are 
heavily  conducting,  allowing  the 
audio  signal  to  go  through.  Once 
it  has  been  balanced,  the  gate 
passes  audio  signals  with  negligible 
switching  transients. 

To  give  an  energy  reading,  the 
counter  reading  over  any  fixed 
period  should  be  proportional  to  the 
square  of  the  applied  voltage. 
Figure  3B  shows  curves  of  counter 
reading  against  percentage  of  input 
voltage  at  300,  1,000  and  5,000  cps. 
The  points  are  experimental  and  the 
straight  lines  are  theoretical  square 
law  lines. 

Figure  3C  is  a  curve  of  counter 
reading  against  integration  time 
for  a  constant  input  voltage  of  330 
mv  at  1,000  cps.  Again,  the  points 
are  the  experimental  values  and  the 
solid  line  the  theoretical  straight 


line.  This  curve  shows  that  for 
constant  voltage  bursts  the  energy' 
registered  by  the  instrument  is  di-' 
rectly  proportional  to  the  integra-j 
tion  time,  even  for  times  as  short* 
as  5  milliseconds. 

The  frequency  response  of  the 
instrument  is  the  frequency  re¬ 
sponse  of  the  feedback  audio  am¬ 
plifier  feeding  the  integrator  sec¬ 
tion  and  is  flat  to  within  ±i-db 
from  50  to  15,000  cps. 

The  energy  reading  on  the  instru-  i 
ment  should  be  independent  of  the  ^ 
wave  shape  of  the  applied  signal. 
To  test  this,  the  reading  obtained 
from  a  random  noise  signal  having 
a  bandwidth  of  160  cps  to  7,000 
cps  was  compared  with  the  reading 
obtained  from  a  1,000-cps  sine-wave 
using  a  thermocouple  meter  as 
transfer  standard.  The  agreement 
was  within  0.1  db. 

It  was  also  found  that  the  dy¬ 
namic  range  of  the  instrument  was 
reduced  to  15  db  by  using  white 
noise  as  a  signal.  This  was  because 
overloading  of  the  audio  amplifier 
occurred  sooner  because  of  the  high 
peaks  in  the  signal. 

One  of  the  limitations  of  any  beat 
frequency  instrument  is  frequency 
drift.  To  investigate  to  what  extent 
drift  could  upset  readings  with  this 
instrument,  the  zero  frequency 
drift  was  measured  for  100  minutes 
and  the  results  presented  in  Fig. 
3D.  The  maximum  drift  registered 
is  only  18  cps  a  minute,  which  rep¬ 
resents  a  negligible  error  due  to 
drift. 

Apart  from  its  intended  applica¬ 
tion  the  instrument  should  be  use¬ 
ful  for  analysis  of  all  sorts  of  sig¬ 
nals  within  the  audio  range,  especi¬ 
ally  because  of  its  wide  range  of 
integration  periods  and  low  drift. 
Since  it  is  a  true  rms  device  and  can 

be  made  frequency-independent 

over  a  large  range,  the  electro¬ 
static  squarer  holds  possibilities  for 
use  as  a  transfer  standard. 

The  authors  acknowledge  the  per¬ 
mission  of  the  Journal  of  the 
Acoustical  Society  of  America  to 
publish  this  review  article. 
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Obtaining  Equivalent  Circuits 
Of  Inductors  Graphically 

Simplified  method  for  determining  the  dynamic  characteristics 
of  inductors  or  parallel  circuits  in  wideband  applications 
is  useful  in  design  of  matching  circuits 


By  W.  P.  CZERWINSKI,  Antenna  Research  Engineer 

U.  S.  Army  Signal  Research  &  Development  Laboratory 
Fort  Monmouth,  New  Jersey 


IN  APPLICATIONS  that  involve 
narrow  frequency  ranges,  it 
does  not  matter  greatly  how 
large  the  distributed  capacitance 
of  an  inductor  is,  while  further¬ 
more,  the  effective  inductance 
can  be  obtained  easily  by  direct 
measurement.  If  wide  frequency 
bands  are  involved,  it  is  impor¬ 
tant  to  know  the  distributed  ca¬ 
pacitance.  Presented  is  a  conven¬ 
ient  and  accurate  method  of 
quantitative  analysis  of  an  in¬ 
ductor  in  respect  to  true  induc¬ 
tance,  self-capacitance,  parallel 
resonance,  plus  dielectric  and 
copper  losses.  While  the  method 
itself  is  not  new,'  it  is  presented 
here  in  a  more  comprehensive 
form. 

The  analysis  is  based  on  the 
equivalent  circuit  of  Fig.  1.  In 
this  parallel  resonant  circuit,  Ca 
represents  the  effective  stray  ca¬ 
pacitance.  From  Fig.  1  it  fol¬ 
lows  that 

(wO  =  —  l/wZ/  “1“  oaCt  (1) 

orL  =  l/[4ir*P(C. -Ol  (2) 
Defining  Slope  =  (C,  —  C)/{\/p)  (2) 

gives  L  =  l/(4ir*  Slope)  (4) 

Figure  2  illustrates  the  pa¬ 
rameters,  A  presentation  such  as 
Fig.  2  is  made  up  by  marking  a 


■  «- 

linear  scale  of  1//’  as  a  base  line 
on  graph  paper.  The  values  for 
the  ordinate,  which  is  a  linear 
scale  also,  depend  on  the  in¬ 
ductor.  These  values  are  obtained 
from  admittance  bridge  readings 
for  the  frequency  range.  The 
ordinate  is  marked  off  to  accom¬ 
modate  the  range  covered  by  the 
susceptance  readings  of  the  in¬ 
ductor.  For  greatest  accuracy, 
frequencies  should  be  chosen  that 
yield  susceptance  readings  on 
both  sides  of  a  zero  susceptance 
line. 

A  straight  line  is  drawn 
through  the  plotted  points  and 
extended  to  intersect  the  ordi¬ 
nate  (point  X).  The  value  on  the 
ordinate  scale  at  X  represents 
Ca,  the  self -capacitance  of  the  in¬ 
ductor.  The  intersection  of  the 
curve  with  the  zero  susceptance 
line,  when  projected  down  to  the 
base  line,  identifies  /.,  the  reso¬ 
nant  frequency. 

To  calculate  the  true  induct¬ 
ance,  the  slope  values  are  taken 
from  the  graph  in  the  following 
manner:  A  convenient  point,  Z, 
at  the  low  end  of  the  curve  is  se¬ 
lected.  The  corresponding  values 
for  C  (point  Y)  and  l//“  are  de¬ 
termined;  the  slope  is  then  the 
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FIG.  1 — Equivalent  circuit  of  coil 
defines  terms  used  in  derivation 


total  capacitance  from  A  to  T 
over  the  value  of  l/p  at  Z.  Point 
Z  has  been  selected  as  shown  to 
give  higher  accuracy.  If  a  point 
higher  up  had  been  selected,  the 
relative  accuracy  in  reading  C* 
—  C  and  in  reading  l/p  would 
have  been  less. 

The  conductance  G  is  obtained 
directly  off  the  admittance  bridge 
in  millimhos  and  converted  to 
Ra  in  ohms  by 

R,  =  l,000/(?  (5) 

EXAMPLE — The  numerical  values 
shown  in  Fig.  2  are  for  a  Q-2 
ferrite-core  inductor.  Measure¬ 
ments  of  positive  and  negative 
capacitance  values  were  obtained 
by  making  three  or  four  admit¬ 
tance  bridge  readings  of  the  sam¬ 
ple  inductor  in  the  frequency 
range.  From  the  plot  C,  =  12  pf. 
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and  riio'  C^ 

2v 


Special  leads  for  printed 
circuits.  Eliminate  lead 
crimping.  Available  on 
all  DISCAPS  of  stand¬ 
ard  voltages,  ratings  and 
spacing. 


For  use  in  applications 
where  limited  space  is 
a  prime  factor.  Meet  all 
8i)ecificat ions  of 
RS-198  for  Z.5U  capaci¬ 
tors. 


FIN-LOCK  LEADS 


TYPE  JF 

Feature  a  superior  fre- 
(juency  stability  over 
similar  types.  Available 
in  capacities  between 
150  MMF  and  10,000 
M  M  F. 


TYPE  SM 
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l/f^  (MULTIPLY  VALUES  BY  10"'®) 

FIG.  2 — Graph  reduces  need  for  laborious  calculations  and  can  pinpoint  incorrect  bridge  readings 


C  =  — 10  pf,  and  G  at  31.6  Me 
0.02  millimhos. 

Using  Eq.  3 


Slope  = 


22  X  10-« 


18.3  X  10-‘» 
and  with  Eq.  4 


=  1.20  X  10* 


^  39.5  X  1.20  X  10*  ^ 

L  =  2.11  /ih 

Using  Equation  5  the  shunt  re¬ 
sistance  is 

R,  =  1,000/0.02  (millimhos) 

Rt  =  50,0(X)  ohms 


An  important  advantage  of 
this  kind  of  plot  is  that  errone¬ 
ous  readings  show  up  as  devia¬ 
tions  from  a  straight  line.  Inac¬ 
curacies  can  be  averaged  by 
drawing  the  straight  line  to 
minimize  the  sum  of  the  square 
of  the  errors.  If  the  readings  lie 
on  a  curved  line,  then  this  indi¬ 
cates  that  the  equivalent  circuit 
concept  of  one  lumped  capacitor 
in  parallel  to  the  inductor  does 
not  apply  to  the  inductor  meas¬ 
ured.  Of  course,  this  method  can 


be  applied  to  an  actual  parallel 
circuit. 

In  practice,  the  conductance  is 
plotted  as  shown  in  Fig.  2.  Thus, 
all  pertinent  data  and  calcula¬ 
tions  relating  to  the  inductor 
under  test  can  be  recorded  on  a 
single  sheet. 

The  suggestions  of  Helmut 
Brueckmann  are  gratefully  ac¬ 
knowledged. 

REFERENCE 

(1)  F.  E.  Terman  "Radio  Engdneeri 
Handbook,"  p  922,  McGraw-Hill,  N.  Th 
1943. 
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SPECIALISTS  IN  QUALITY  CABLE  CONSTRUCTION 
FOR  THE  ELECTRONIC  INDUSTRY 


Single  conductors  or  any  number  of  pairs  .  .  .  for  coaxial  and  control 
applications.  As  a  “specialist  in  specials”  Chester  concentrates  on  meeting  the  increasing  demands  of 
both  military  and  commercial  electronics  for  plastic  insulated  wire  and  cable  —  particularly  coaxial  cables 
and  multi-conductor  constructions.  Typical  types  are  shown  here.  All  Chester  products  may  be  varied 
in  conducting,  insulating,  jacketing,  shielding  or  armoring  materials  to  meet  your  particular  needs. 
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Chester  RG  Type  Coaxial  Cables  are  made 
in  both  military  and  non-military  versions, 
single  or  multi-conductor.  Miniature  designs 
are  available  in  a  dioice  of  foam  and  solid 
polyethylene  or  in  Teflon  insulaticms,  and  in 
variations  whidi  include  double  sliding 
with  polyethylene  separator  and  jacket  for 
TV  systems  or  other  low  loss,  all  weather, 
signal  transmission  applications.  Military 
types  meet  MIL-C-17  and  all  other  applies* 
ble  government  specifications. 


MULTI-CONDUCTOII  CABLES 

Chester  is  the  recognized  leader  in  the  man¬ 
ufacture  of  multiple-ccmductor  cables  for 
onnputers  and  related  electronic  equi[xnent. 
These  cables  can  be  supplied  to  your  design 
—ranging  in  size  from  miniature  to  large 
diameters,  shielded  at  unshielded,  in  a  wide 
selection  of  thermoplastic  insulating  and 
iadeeting  materials.  Any  combination  of 
appliance  wire,  hook-up  wire  and  military 
approved  wires,  as  well  as  coaxial  cables  and 
i^lded  conductors  can  be  grouped  to  meet 
your  specific  needs.  Send  us  your  require¬ 
ments  fcH*  prompt  engineering  cooperation 
and  price  quotatkm. 


\  Complete  data  on  Chester’s  full  line  of  wires  and  cables  for  military  and 
commercial  electronic  service  available  on  request.  Ask  for  Bulletin  No.  EL.T-1. 

^HESTER  CABLE  CORP.,  CHESTER.  NEW  YORK 

A  SUBSIDIARY  OF  TENNESSEE  CORPORATION 

SPECIFY  CHESTER  WIRE  AND  CABLE  FOR  ALL  YOUR  ELECTRONIC  EQUIPMENT  NEEDS 

Coaxial  Cables  •  Hook-Up  Wire  •  Multi-Conductor  Cable  •  Appliance  Wire  •  Audio  Wire  •  Miniature  Wire  and  Cable  •  High  Voltage  Wires 
•  High  Frequency  Wires  •  Antenna  Loop  Wire  •  Annunciator  Wire  •  Telephone  Wires  and  Cables  •  Television  Transmission  Lines 


RESEARCH  AND  DEVELOPMENT 


Lack  of  Standards  Hampers  Development 


RESEARCH  and  development  of  elec¬ 
tronic  equipment  is  being  seriously 
hampered  by  lack  of  adequate 
standards.  (See  electronics,  p  90, 
Sept.  11,  1959.)  This  need  was  un¬ 
derscored  at  the  1960  Conference 
on  Standards  and  Electronic  Meas¬ 
urements  at  the  Boulder  Labora¬ 
tories  of  the  National  Bureau  of 
Standards.  Specifically,  Aerospace 
Industries  Association  with  repre¬ 
sentatives  from  15  different  firms 
indicated  to  NBS  a  critical  need 
for  better  standards  for  measuring 
microwave  power  and  attenuation. 

Needs  of  military  and  space  pro¬ 
grams  are  requiring  unprecedented 
measurement  accuracies.  Stand¬ 
ards  for  the  higher  frequencies 
now  finding  increasing  use  are  also 
urgently  needed. 

Surveys  conducted  during  the 
past  year  by  AIA  indicated  accu¬ 
racies  currently  required  by  indus¬ 
try  in  different  areas  of  measure¬ 
ment.  Based  on  these  surveys,  the 
series  of  AIA-NBS  conferences 
have  been  initiated.  Each  field  of 
measurement  will  be  probed  in 
depth  to  determine  the  most  urgent 
needs  and  how'  they  can  be.st  be  met. 

A  primary  purpose  of  the  meet¬ 
ing  was  to  suggest  action  that 
might  be  taken  to  correct  specific 
situations  described  by  industry. 
For  example,  the  million-dollar  de¬ 
velopment  of  radomes  is  proceed¬ 
ing  more  by  trial  and  error  rather 
than  through  measurement  and 
analysis  because  precise  phase  and 
amplitude  measurements  do  not  ex¬ 
ist  in  the  required  frequency  range. 

One  firm  must  use  its  precision 
measurement  laboratory  facilities 
to  test  sections  of  coaxial  cable 
from  the  production  line  because 
adequate  production-line  standards 
do  not  exist.  This  test  requires  11 
hours  for  a  single  section  of  cable. 

Klystrons  are  being  over-de¬ 
signed  to  ensure  that  they  generate 
sufficient  power  because  there  is  no 
way  to  measure  precisely  peak  mi¬ 
crowave  power.  Costs  and  equip¬ 
ment  size  are  increased,  production 
schedules  slowed  and  expensive 
equipment  is  not  being  used  at  its 
optimum  capacity  or  range. 


A  few  years  ago,  radar  per¬ 
formance  was  evaluated  on  the 
basis  of  tw’o  or  three  measure¬ 
ments.  To  measure  performance  of 
present-day  radars  requires  testing 
many  new  complex  devices.  Often 
the  radar  is  assumed  to  have  failed 
when  the  fault  is  actually  with  test 
instruments. 

Crash  missile  programs  are  be¬ 
ing  impeded  because  measurements 
of  microwave  power  made  on  dif¬ 
ferent  days  by  the  same  instru¬ 
ments  may  vary  by  fifty  percent. 
Some  radars  are  operated  at  near 
maximum  capacity.  To  avoid  break¬ 
down,  power  must  be  limited  to  a 
given  level  dependent  on  measure¬ 
ment  accuracy.  One  speaker  said 
that  a  five  percent  error  in  power 
measurement  can  make  the  differ¬ 
ence  between  operating  or  not. 

Discussion  of  these  problems  in¬ 
dicated  that  in  a  few  cases  NBS 
can  provide  interim  standards  with 
present  facilities  that  will  greatly 
help  many  users.  Calibration  can 
now  be  provided  of  microwave 
power-measuring  instruments  be¬ 
tween  8,200  and  12,400  Me.  Using 
different  techniques,  calibration 
can  be  extended  to  lower  frequen¬ 
cies  soon.  Although  accuracy  will 
be  somewhat  less,  it  will  help  meet 
many  immediate  needs. 

However,  many  standards  can¬ 
not  be  extended  to  new  frequency 
ranges  even  though  techniques 
are  knowm  because  equipment  and 
personnel  are  lacking.  Industry 
urgently  needs  an  extension  of 
a  current  microwave  attenuation 
standard  to  three  higher  frequency 
ranges.  To  evaluate  this  technique 
at  even  one  new  frequency  in  the 
millimeter  w’ave  region  requires 
$11,000  worth  of  new  equipment. 
This  figure  exceeds  the  present 
total  annual  equipment  funds  al¬ 
lotted  to  the  project  involved. 

Another  limitation  is  time.  NBS 
representatives  w’ere  asked  to  esti¬ 
mate  time  required  at  the  present 
level  of  activity  to  develop  mini¬ 
mum  acceptable  standards  not  now 
in  existence  for  frequencies  to  100 
Gc  and  other  most-needed  quanti¬ 
ties.  However,  accurate  estimates 


are  impossible  until  techniques 
have  been  developed. 

Estimates,  varying  with  the 
measurements  involved,  ranged 
from  five  to  ten  years  for  most 
quantities.  Even  with  substantial 
increases  in  funds,  hiring  capable 
personnel  and  their  initial  training 
take  considerable  time.  These  esti¬ 
mates  also  make  no  provision  for 
new  needs  that  will  arise  during 
the  next  few  years. 

To  estimate  the  urgency  of  the 
needs,  industry  representatives  in¬ 
dicated  their  reasons  for  requiring 
certain  standards.  NBS  described 
and  discussed  for  each  field  the 
present  status  of  research,  develop¬ 
ment  and  calibration.  From  the 
discussions,  tentative  recommenda¬ 
tions  evolved  for  action  by  all  in¬ 
terested  groups.  These  recom¬ 
mendations  will  be  reviewed  by 
AIA  before  official  presentation. 

Discussion  revealed  the  difficulty 
of  discovering  whether  expressed 
needs  were  realistic.  E.xtreme  ac¬ 
curacies  were  sometimes  specified 
simply  to  play  it  safe. 

High-Speed  Scaler 
Uses  Tunnel  Diodes 

GALLIUM  ARSENIDE  tunnel  diodes 
are  used  in  a  newly  developed  high¬ 
speed  scaler.  Double  pulse  resolu¬ 
tion  for  switching  between 
intermediate  states  is  said  to  be 
less  than  14  nanoseconds.  The  de¬ 
vice  was  developed  by  Philco’s  Re- 
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Tung-Sol  high  power  germanium  transistors 

2N174,  2N174A,  2N173,  2N278,  2N277,  2N443,  2N442,  2N441,  TS748 


This  full  and  select  complement  of  Tunij-Sol  hif;h  power  transistors 
offers  many  distinct  advantai’es  over  similar  comix'titive  tyix-'s. 

^Exclusive  design  features  combine  with  Tung-Sol’s  pace-set- 
^  ting  quality  assurance  practises  to  assure  designers  unexcelled 
operational  reliability. 

LWide  interchangeability  lets  you  specify  these  pnp  transistors 
^for  most  industrial  and  military  uses.  Typical  applications  in¬ 
clude  high  power  amplifiers,  DC-to-DC  converters.  DC-to-AC 
inverters,  regulated  power  supplies,  motor  controls,  servo 
amplifiers,  relay  drivers,  switching  circuits,  etc. 

k  Every  transistor  in  this  versatile  series  produces  highly  efficient 
power  transfer  and  audio  amplification. 


They  feature  the  vacuum-tight,  all  copper  “Cold  Weld”  pack¬ 
age — a  Tung-Sol  “first”  in  this  transistor  class — for  broader 
design  flexibility  and  long-life  reliability. 

They  are  manufactured  in  the  industry-preferred  JEDEC- 
TO-36  case.  This  stud-mounted  single-end  construction  with 
solid-lug  terminals  simplifies  installation  and  facilitates  effi¬ 
cient  heat-sink  design. 

They  are  subjected  to  rigid  military  environmental  tests  and 
radioactive  gas  leak  detection  tests  to  further  assure  maximum 
reliability. 

Write  fof  full  technical  details.  Tung-Sol  Electric  Inc.,  New’ark  4, 
New  Jersey. 


Absolut* 

Maximum 

Ratings 


//  /  /  /  /  ,/  / 


Collector  Voltage  BVcb 
(VEB=-i-1.5v) 

80 

80 

60 

60 

50 

50 

40 

40 

Volts 

Collector  Voltage  BVces 
(lc=0.3A) 

70 

70 

50 

50 

45 

45 

40 

40 

Volts 

Emitter  Voltage  BVebo 

60 

60 

40 

40 

30 

30 

20 

20 

Volts 

Collector  Current  Ic 

15 

15 

15 

15 

15 

15 

15 

15 

Amp 

Junction  Temperature  Tj 

-55 

to 

+95 

-55 

to 

+95 

-55 

to 

+95 

-55 

to 

+95 

-55 

to 

+95 

-55 

to 

+95 

-55 

to 

+95 

-55 

to 

+95 

•c 

The  TS748  is  specially  designed 
to  meet  the  requirements  of 
MIL-T-l95UU/i:{A  and  is 
supplied  with  IlexiMe  leads. 


deliver  | 
up  to 

15  amperes 


assistance  is  available  through  the  following  sales  offices:  Atlanta,  Ga.;  Columbus, 
ver  C;ty,  Calif.;  Dallas,  Texas;  Denver,  Otlo.;  Detroit,  Mich.;  Irvington,  N.J.; 
ark,  111.;  Newark,  N.J.;  Philadelphia,  Pa.',  Seattle,  Wash.  Canada:  Toronto,  Ontario. 
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General  Motors  pledges 

AC  QUESTMANSHIP 


AC  Seeks  and  So/ves  tha  SlgnlAconf— With  GM’s  support,  AC  is  taking  giant  strides  toward  leadership  in 
the  international  technological  race.  And  AC  Reliability— characteristic  of  every  aspect  of  AC’s  operation 
—plays  a  large  role.  It  results  In  such  successes  as  AChiever  inertial  guidance  for  Thor . . .  and  the  more 
sophisticated  AChiever  being  built  for  Titan.  /  This  is  AC  QUESTMANSHIP.  It’s  the  scientific  quest  for 
new  ideas,  methods,  components  and  systems  ...  to  promote  AC’s  many  projects  in  guidance,  navi¬ 
gation,  control  and  detection.  /  To  Mr.  Harold  C.  Yost,  AC  Director  of  Reliability,  Questmanship  is  "the 
direction  of  scientific  disciplines  to  achieve  optimum  reliability.”  His  group  constantly  seeks  improvement, 
“making  creative  contributions  in  every  area  from  basic  design  to  field  operation”.  That  takes  engineers 
with  broad  knowledge,  imagination  and  experience.  /  You  may  qualify  for  our  specially  selected  staff 
...  if  you  have  a  B.S.,  M.S.,  or  Ph.  D.  in  the  electronics,  scientific,  electrical  or  mechanical  fields,  plus 
related  experience.  If  you  are  a  “seeker  and  solver”,  write  the  Director  of  Scientific  and  Professional 
Employment,  Mr.  Robert  Allen,  Oak  Creek  Plant,  7929  So.  Howell  Ave.,  Milwaukee,  Wisconsin. 

GUIDANCE  /NAVIOAnOM  /control  /  DBTBCTIOM  /  AC  SPARK  PLUG  The  Electronics  Division  of  Genera!  Mom 
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search  Division. 

Operation  of  the  scaler  is  based 
on  a  characteristic  of  tunnel 
diodes  connected  in  series.  Voltage 
is  a  multi-valued  function  of  cur¬ 
rent,  as  shown  in  the  voltage-cur¬ 
rent  curve  in  the  figure.  Gallium 
arsenide  tunnel  diodes  were  chosen 
because  of  their  wide  voltage 
swings  and  because  they  have  peak- 
to-valley  current  ratios  {h’.h)  ex¬ 
ceeding  ten-to-one.  In  addition, 
switching  time  is  less  than  one 
nanosecond. 

When  current  h  is  initially  ap¬ 
plied  to  the  stack  of  series-con¬ 
nected  diodes  in  the  figure,  voltage 
across  the  stack  is  at  minimum. 
Each  input  pulse  of  proper  ampli¬ 
tude  increases  voltage  across  the 
stack  by  an  amount  Vr  —  to  the 
next  higher  level.  The  transistor 
reset  circuit  is  biased  to  operate 
when  voltage  across  the  stack 
reaches  maximum  (nV,.  —  uVa). 
An  output  pulse  is  provided  and 
voltage  across  the  stack  is  re¬ 
turned  to  its  original  minimum 
level. 

In  addition  to  high  switching  and 
I  reset  speeds,  the  tunnel  diode  scaler 
I  provides  significant  reductions  in 
space,  weight  and  power  require¬ 
ments  compared  with  beam-switch¬ 
ing  tubes  or  cascaded  transistor 
binary  circuits  used  in  similar 
applications. 

Spectrometer  to  Study 
Neutrons  and  Protons 

million-watt  magnetic  spectrom¬ 
eter  may  provide  a  better  under¬ 
standing  of  the  structure  of  matter. 
The  new  instrument  for  studying 
I  nuclear  particles  is  the  result  of 
three  years  of  effort.  It  can  handle 
:  billion-volt  electrons  from  targets 

bombarded  by  a  large  linear  ac- 
I  celerator. 

The  150-ton  spectrometer  will  be 
used  at  the  High  Energy  Physics 
I  Laboratory  of  Stanford  University 
by  Professor  R.  Hofstadter  and  his 
I  associates  in  attempts  to  probe  to 
the  cores  of  protons  and  neutrons. 
The  project  is  being  supported  by 
i  the  Office  of  Naval  Research,  the 

i  Atomic  Energy  Commission  and 
the  Air  Force. 

Three  years  ago  this  research 
team  made  precise  measurements 


which  demonstrated  that  protons 
and  neutrons  are  of  equal  magni¬ 
tude  magnetically  but  that  the  size 
of  their  electrical  charge  is  not 
equal.  The  spectrometer  used  in 
that  investigation  was  only  half  the 
size  and  requi.-ed  only  one-fifth  the 
power  of  the  present  instrument. 

It  had  been  assumed  that  the 
neutron  was  a  mirror  image  of  the 
proton  in  its  outer  parts.  This  as¬ 
sumption  was  proved  to  be  true 
magnetically  but  not  electrically. 
The  much  smaller  electrical  charge 
of  the  neutron  presents  an  anomaly 
in  that  magnetic  phenomena  seem 
to  be  explained  perfectly.  Some 
scientists  believe  that  existing 
theories  may  not  be  valid  for 
particles  as  fine  as  protons  and 
neutrons. 

The  earlier  measurements  demon¬ 
strated  that  both  type  particles 
have  a  radius  of  8  x  10"’*  cm.  Each 
particle  seems  to  be  composed  of  a 
cloud  of  mesons,  believed  to  hold 
the  nuclei  together,  that  becomes 
denser  toward  the  center.  The 
former  spectroscope  could  not  probe 
to  the  cores  of  the  neutrons  and 
protons  but  could  reach  to  within 
3  X  10’’*  cm  of  them.  The  new 
equipment  may  permit  penetration 
to  the  cores  of  both  type  particles. 
Even  if  it  does  not  solve  the  prob¬ 
lem  of  magnetic  versus  electrical 
charge  size,  it  is  expected  to  pro¬ 
vide  much  other  valuable  informa¬ 
tion. 

The  new  spectrometer,  primarily 
a  large  electromagnet,  is  mounted 
with  the  older  spectrometer  on  a 
wheeled  carriage  that  rides  on  a 
circular  rail.  By  allowing  full  360- 
degree  rotation  of  the  spectrom¬ 
eters,  the  magnets  can  pick  up  elec¬ 
trons  scattered  at  all  angles  from 
the  target.  The  magnets  bring  the 
electrons  to  the  top  of  the  appara¬ 
tus.  Behind  heavy  radiation  shield¬ 
ing,  Cerenkov  counters  and 
multiplier  phototubes  determine 
their  numbers  and  energy. 

Counters  in  the  new  equipment 
are  set  in  parallel  to  permit  simul¬ 
taneous  counting  of  five  times  as 
many  electrons  as  before.  Rotating 
coils  inside  vacuum  chambers  in 
the  magnets  allow  easy  variation  of 
field  strengths.  Both  refinements 
will  increase  considerably  the  speed 
of  gathering  information  for  study 
and  computer  analysis. 


GUDELACE 

is  engineered 
for 


I  problem-free 
I  lacing 


I  It’s  no  accident  that  Gudelace  is  the 
j  best  lacing  tape  you  can  buy.  Excellence 
I  is  engineered  into  Gudelace.  A  sturdy 
}  nylon  mesh  is  meticulously  combined 
I  with  the  optimum  amount  of  special 
^  microcrystalline  wax.  Careful  selection 
j  of  raw  materials  and  superior  methods 
i  of  combining  them  give  Gudelace  out- 
!  standing  strength,  toughness,  and  sta- 
1  bii.  iy .  Gudelace  is  the  original  /7a  t  lacing 
I  tape  which  distributes  stress  evenly  over 
I  a  wide  area.  It  is  engineered  to  stay  flat; 

!  it  will  not  stretch  out  of  shape  when 
I  pulled.  Gudelace’s  nonskid  surface  pre- 
j  vents  slipping,  eliminating  the  too-tight 
i  pull  that  causes  strangulation  and  cold 
I  flow.  Durability  and  dependability  make 
Gudelace  your  most  economic  buy— 
with  no  cut  insulation,  fingers,  or  feelings. 

Write  for  Data  Book  with  specifica¬ 
tions  on  Gudelace  and  Gudebrod’s  com¬ 
plete  line  of  braided  lacing  tapes  and 
dial  cords — Temp-Lace,  Stur-D-Lace, 
and  Gude-Glass. 


GUDEBROD 

BROS.  SILK  CO.,  INC. 

Electronic  Division 

225  West  34th  Street,  New  York  1,  N.Y. 
Executive  Offices 

12  South  12th  Street,  Philadelphia  7,  Pa. 
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COMPONENTS  AND  MATERIALS 


Blue  Diamonds  Make  Rugged  Thermistors 


BLUE  DIAMONDS  (Type  Ilb)  are  ex¬ 
trinsic  p-type  semiconductors,  and 
have  a  high  negative  temperature 
coefficient  from  below  200  K  up  to 
approximately  500  K.  Past  that 
point  the  temperature  coefficient 
decreases,  rapidly  becoming  zero, 
and  then  going  positive  in  the  re¬ 
gion  600  K  to  700  K. 

G.  B.  Rodgers,  Diamond  Research 
Laboratories,  Crown  Mines,  Jo¬ 
hannesburg,  S.  Africa,  reports  that, 
when  provided  with  suitable  ohmic 
contacts,  a  blue  diamond  can  be 
used  as  a  thermistor  over  a  wide 
temperature  range.  A-  diamond 
thermistor  is  in  operation  at  DRL 
measuring  coolant  temperature  in 
a  diffusion  pump. 

Diamond  has  certain  physical 
properties  that  make  it  an  excellent 
thermistor  material.  These  include 
low  specific  heat,  high  heat  con¬ 
ductivity  (greater  than  copper  at 
room  temperature) ,  and  high  physi¬ 
cal  strength,  as  compared  with  con¬ 
ventional  oxide  thermistors.  Dia¬ 
monds  are  non-hygroscopic,  and  are 
highly  resistant  to  corrosive  fluids 
and  high  temperatures. 

These  attractive  physical  prop¬ 
erties  suggest  that  in  many  appli¬ 
cations,  the  diamond  thermistor 


Ti-Ag  Cu 


Leads  are  attached  to  diamond  with 
titanium  wire  weld  technique  (top). 
Diamond  in  probe  type  mount 
(bottom) 


can  be  placed  in  actual  contact  with 
the  medium  to  be  measured.  In 
this  manner,  the  heat  dissipation 
constant  can  be  increased,  and  the 
thermal  time  constant  reduced. 

Thermal  time  constant,  which  de¬ 
termines  the  response  time  of  a 
thermistor  to  rapid  'changes  of 
temperature,  is  inversely  propor¬ 
tional  to  the  heat  dissipation  con¬ 
stant. 

For  a  thermistor  in  air,  the  dissi¬ 
pation  constant  is  determined 
mainly  by  the  exposed  surface  area. 
Thin  wafers,  and  thin  cylinders, 
have  the  highest  dissipation  con¬ 
stants.  Thermal  conductivity  is  not 
an  important  factor,  as  most  ther¬ 
mal  impedance  is  as  the  surface, 
from  thermistor  to  air,  and  internal 
impedance  is  negligible  in  compari¬ 
son. 

The  high  heat  conductivity  of 
diamond  is  important  in  a  probe 
type  thermistor,  using  a  cylindrical 
diamond,  as  shown  in  sketch.  Elec¬ 
trical  connections  to  the  diamond 
are  remote  from  the  heat  source, 
and  heat  must  diffuse  through  the 
cylinder  from  the  point  of  contact. 

True  ohmic  low  resistance  con¬ 
tacts  between  the  diamond  and 
leads  must  be  made  to  insure  accu¬ 
rate  temperature  readings.  Addi¬ 
tional  resistance  in  series  with  the 
element  can  swamp  the  small  change 
of  resistance,  lowering  sensitivity. 
The  extra  ohmic  heating  will  raise 
the  ambient  temperature,  and  pro¬ 
duce  a  false  reading. 

Early  research  developed  the 
process  of  coating  diamonds  with 
a  mixture  of  titanium  and  silver, 
that  is  used  to  mount  diamonds  for 
various  applications.  As  titanium 
is  a  group  IV  element  (as  is  car¬ 
bon),  it  seemed  likely  that  a  true 
ohmic  contact  might  be  obtained  by 
welding  or  alloying  titanium  with 
the  diamond. 

Using  a  titanium  weld,  a  success¬ 
ful  method  was  developed  at  DRL 
for  attaching  platinum  leads  to 
small  diamond  cylinders.  As  shown 
in  the  diagram,  a  small  bridle  of 
silver-copper  eutectic  wire,  .015  in. 
in  diameter,  having  a  titanium 
metal  core,  is  fitted  over  the  ends  of 


the  cylinder.  A  loop  of  .01  in. 
platinum  wire  is  attached  to  the 
cylinder  over  the  Ti-Ag-Cu  wire. 

The  entire  assembly  is  placed  in 
a  furnace  and  heated  to  1 ,200  C  for 
2  minutes.  During  heating  the  as¬ 
sembly  is  bathed  in  a  stream  of 
argon  to  prevent  oxidation  of  the 
diamond.  At  1,200  C  the  Ti-Ag-Cu 
wire  melts,  and  fuses  the  platinum 
wire,  which  doesn’t  melt,  onto  the 
ends  of  the  diamond  cylinder. 

Quantity  of  Ti-Ag-Cu  wire  used 
in  the  process  depends  on  the  length 
of  the  diamond.  Excess  wire  will 
melt,  forming  a  thin  film  that 
shunts  the  thermistor  action,  ruin¬ 
ing  the  device. 

Prototype  thermistors  used  dia¬ 
mond  cylinders  measuring  2.5  to 
5  mm  in  length,  and  1  to  1.5  mm  in 
diameter.  The  diamonds  were 
shaped  by  polishing  and  drilling. 
No  crystal  lattice  orientation  was 
required,  as  diamond  is  an  electri¬ 
cally  isotropic  material. 

Diamond  thermistors  are  useful 
over  a  wide  range  of  operating 
temperatures,  and  under  severe  op¬ 
erating  conditions.  They  therefore 
may  be  more  desirable  in  many  ap¬ 
plications  than  silicon,  germanium 
or  oxide  units.  Silicon  and  ger¬ 
manium  thermistors  operate  in  the 
intrinsic  temperature  ranges  of 
greater  than  200  C  and  —15  C 
respectively.  Diamond  units  will 
operate  from  below  —70  C  to  about 
300  C,  with  a  negative  temperature 
coefficient.  Although  not  useable 
above  this  maximum  temperature, 
a  diamond  thermistor  could  survive 
environmental  temperatures  of  up 
to  600  C,  if  oxidizing  conditions  are 
not  present. 

Cost  of  the  devices  would  depend 
on  the  availability  of  lib  diamonds, 
and  the  wastage  in  preparing  suita¬ 
ble  thermistor  shapes. 

Metal-Composite  Laminates 
For  Automatic  Post  Office 

METAL-COMPOSITE  laminated  plas¬ 
tics  for  applications  requiring  in¬ 
termittent  electrical  contact  have 
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MONITOR... TEST...  ANALYZE... 

telegraph  and  data  transmission  systems  without  interrupting  traffie 


Circuit  downtime  is  lost  time.  Save  it  by  diagnosing  the  trouble  in 
communications  links  while  they  are  operating.  Radiation’s  new 
Telegraph  Distortion  Measuring  and  Monitoring  System  permits  on¬ 
line  testing  and  wave-form  analysis  of  telegraph  and  data  transmis¬ 
sion  circuits.  Thus,  the  trouble  in  a  deteriorating  link  can  often  be 
diagnosed  and  remedied  without  interrupting  message  tra£Bc. 

With  miniaturized  components  for  space  saving  compactness,  the 
TOMS  can  replace  most  test  equipment  now  required.  This  permits 
a  reduction  of  test  equipment  costs  and  increases  maintenance  effi¬ 
ciency.  Portability  is  achieved  at  the  “push  of  a  button.” 

For  complete  technical  data  on  the  TDMS  and  its  many  capabil- 
lics,  write  for  Bulletin  E-lOOBto  Radiation  Incorporated,  Dept.  EL-B, 
Melbourne,  Fla. 
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THE  ELECTRONICS  FIELD  ALSO  RELIES  ON  RADIATION  FOR... 

RADIPLEX  89-0  48-channel  low-level  multiplexer  with 
brood  doto  processing  opplicotions.  Feotures  rugged 
solid-stote  circuitry,  almost  unlimited  progromming  flex¬ 
ibility,  unique  modular  construction  for  compactness  and 
exceptional  ease  of  operation  and  maintenance. 

FIADICORDER-Multistylus  recorder  provides  high-speed 
instantaneous  readout  for  wide  range  of  data  acquisi¬ 
tion  or  processing  systems.  Eliminates  necessity  of  elec¬ 
tronically  translating  complete  data,  thereby  reduces 
computer  work  loads. 

TELEMETRY  TRANSMITTER-Model  3115  is  a  rugged- 
ized  215-260  MC  unit  with  extremely  linear  FM  output 
under  the  most  severe  environmental  conditions.  With 
its  record  of  outstanding  performance  in  many  missile 
programs.  Model  3115  is  specified  by  leading  missile 
manufacturers. 
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EASTERN 

INDUSTRIES 


incorporated 


Los  Angeles  Office:  4203  Spencer  St. 
Torrance,  Calif.  Tel.  FKontier  6-1921 


100  SKIFF  STREET 
HAMDEN  14,  CONN 


TEMPERATURE  CONTROL  EXPERIENCE: 


AVIONIC 

COOLING 


Eastern  cooling  packs  for  electronic  subsys¬ 
tems  extend  operating  ranges  to  altitudes 
where  air  cooling  becomes  ineffective.  ‘Black 
box’  designs  can  be  more  compact— reliable 
even  at  five  times  the  speed  of  sound. 


These  liquid  cooling  systems  are  completely 
self-contained— provide  such  components  as 
pumps,  heat  exchangers,  air  impellers,  reser¬ 
voir,  coolant  flow  and  temperature  inter¬ 
locks  and  similar  parts. 


Cooling  capacities  of  existing  systems 
range  from  1,000  to  22,000  watts  dissi¬ 
pation  rates.  Eastern  cooling  packs  take 
ambient  temperatures  from  — SS'C  to 
-f  SS^C  in  stride,  and  perform  to  altitudes 
of  60,000  ft. 


Extensive  experience  in  missile  applica¬ 
tions  has  enabled  Eastern  to  develop  sys¬ 
tems  unusually  compact  and  light  as  well 
as  highly  reliable.  At  the  same  time. 
Eastern  is  able  to  provide  at  minimmn 
cost  equipment  engineered  to  a  specific 
need  by  using  missile-proved  components 
designed  to  your  system  configuration. 


Turn  to  Eastern  for  space-,  weight-, 
and  cost-saving  solutions  to  your  hottest 
cooling  problem.  Write  for  New 
BULLETIN  360. 


liquid  cool 


50  to  50,000  watts  dissipation 


been  developed  by  Taylor  Fibre  Co., 
Norristown,  Pa. 

With  the  metal  embedded  in 
strong,  durable  insulation  material, 
copper-clad  laminates  ordinarily 
used  for  etched  printed  circuits  the 
need  for  metal-laminate  combina¬ 
tions  where  the  more  intricate, 
close-tolerance  printed  circuits  are 
not  required. 

Typical  of  possible  applications 
for  metal-composite  laminates  is 
their  use  as  tray  code  readers  in 
new  automated  equipment  being  in¬ 
stalled  by  the  United  States  Post 
Office.  Attached  to  the  sides  of  mail¬ 
bearing  trays,  the  coded  readers 
signal  electrically-activated  mecha¬ 
nisms  went  to  shunt  the  tray  to  a 
branch  conveyor  for  a  given  geo¬ 
graphical  area. 

Among  other  end-uses  for  metal- 
composite  laminates  is  a  model  sea¬ 
scape  on  which  Navy  and  Marine 
officers  can  simulate  the  maneuver¬ 
ing  of  as  many  as  100  radio-con¬ 
trolled  models  of  naval  vessels.  The 
giant  70  x  24  foot  device  is  made 
up  of  36  X  36  inch  sections  of  cop¬ 
per  strips  embedded  i  inch  apart  in 
et  inch  thick  phenolic-paper  lami¬ 
nate.  The  flatness  of  each  section 
is  held  to  plus  or  minus  rh  inch  over 
the  entire  area,  and  the  spacing  be¬ 
tween  the  strips  is  also  held  to  A 
inch  tolerance. 

Taylor  Fibre  has  supplied  these 
laminates  in  three  ways;  with  the 
metal  inserted  in  windows  which 
are  cut  in  the  top  layers  of  the 
laminate;  with  the  metal  pressed 
flush  into  the  laminate;  and  with  a 
sandwich  of  metal  foil  between  two 
layers  of  laminates  which  have  been 
cut  out  at  designated  locations 
where  electrical  contact  is  desired. 

Although  initial  work  in  this  field 
has  been  done  with  copper,  cold 
rolled  steel,  and  stainless  steel,  vir¬ 
tually  any  metal  can  be  used  in  mak¬ 
ing  these  laminates. 

Due  to  the  large  number  of  pos¬ 
sible  product  variations,  all  com¬ 
posite  laminates  are  custom-engi¬ 
neered  to  fit  a  specific  application. 

Organic  Gaskets  for 
High  Temperatures 

A  NEW  FAMILY  of  gasketing  and 
packing  materials  made  of  flur®' 
carbon  -resins  and  inorganic  fibers,^ 
has  been  announced  by  Armstrong 
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Cork  Co.,  Industrial  Div.  The  ma¬ 
terials  can  be  used  at  temperatures 
ffonj  -425  F  to  over  500  F  with 
excellent  torque  retention.i 
The  new  sheet  materials,  called 
Flurocarbon  Accopacs,  are  inert  to 
most  chemicals  over  a  wide  range 
of  temperatures,  and  have  a  low 
coefficient  of  friction  which  makes 
them  useful  as  seals  and  packings 
in  contact  with  moving  parts. 

The  material  is  reported  to  have 
good  dielectric  properties,  and  ex¬ 
cellent  thermal  dimensional  stabil¬ 
ity. 

Components  make  of  the  material 
can  be  adhesively  bonded  to  other 
surfaces  with  either  thermoplastic 
or  thermosetting  cements. 

The  materials  consist  of  com¬ 
binations  of  flurocarbon  resins  and 
asbestos  or  other  inorganic  fibers 
in  different  proportions  and  densi¬ 
ties.  Flu  rocarbons  are  characterized 
by  having  good  dielectric  proper¬ 
ties,  extreme  chemical  inertness, 
high  heat  resistance,  and  toughness 
over  a  wide  temperature  range. 

Despite  these  useful  qualities, 
the  flurocarbons  have  inherent 
disadvantages,  the  most  pronounced 
of  which  are  high  coefficient  of 
thermal  expansion,  and  low  resist¬ 
ance  to  deformation  under  load  at 
high  temperatures.  Addition  of 
fibers  to  the  pure  resins  overcomes 
these  disadvantages,  and  produces 
a  useful  material  for  a  variety  of 
gasketing  and  packing  applications. 

During  Accopac  process  each 
fiber  is  given  a  thorough  coating  of 
resin,  and  the  fibers  are  evenly  dis¬ 
tributed  to  form  a  uniform  ma¬ 
terial. 

These  materials  have  potential 
applications  in  several  industries. 
Uses  in  the  aircraft  and  missile 
field  include  gaskets  for  fuel  sys- 
term,  hydraulic  systems,  and  baf¬ 
fles  and  fire  walls  in  high  tempera¬ 
ture  areas  up  to  500  C,  and  as  com¬ 
ponents  in  cyrogenic  materials 
handling  systems. 

Applications  in  the  electronics 
field  include  gaskets  for  high  tem¬ 
perature  (“H”  type)  equipment,  in¬ 
cluding  dry  transformers,  con¬ 
verters,  circuit  breakers,  motors 
and  switches,  and  as  terminal  bars 
and  spacers  in  these  devices.  As  in 
the  aircraft  industry,  low  tempera¬ 
ture  stability  is  useful  for  cryo¬ 
genic  applications. 
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MARCONI 

Carrier  Deviation  Meter 

uses  multi-crystal  stability-lock 


Direct  indication  of  fm  deviation 

From  200  cps  to  12S  kc  makes  this 
latest  model  in  the  Marconi  791  series 
applicable  to  both  communication 
and  broadcast  fm  systems. 

Crystal  locking 

at  any  point  in  its  4-  to  1024-  me 
carrier  range  brings  new,  exceptional 
stability  and  freedom  from  micro- 
phony  in  low-deviation  measure¬ 
ments.  Use  of  an  external  indicator 
extends  the  deviation  range  down  to 
10  cps,  allowing  fm  hum  and  noise 
on  uhf  close-channel  transmitters  to 
be  measured  with  ease  and  certainty. 

An  in-built  deviation  standard, 

crystal  governed,  insures  full  rated 
accuracy  at  all  times. 

Send  for  leaflet  Bt43 


ABRIDGED  SPECIFICATIONS 

CARRIER  DEVIATION  METER  79  ID 
Carrier  Frequency  Range:  4  to  1024  me. 
Modulation  Frequency  Range:  50  cps  to  35  kc. 
Measures  Deviation:  200  cps  to  1 25  kc  in  four 
ranges.  Measures  down  to  10  cps  using  ex¬ 
ternal  readout. 

Measurement  Accuracy:  ±3%  of  full-scale 
for  modulation  frequencies  up  to  25  kc. 
Internal  FM  :  Due  to  hum,  noise  and  micro¬ 
phony,  less  than  -55  db  relative  to  5  kc 
deviation. 

Tubes:  6AK5,  6AS7,  6C4,  6CD6G,  5651, 
5647,  5Z40,  OB2. 


MARCONI 

INSTRUMENTS 


I  I  I  CEDAR  LANE  ENGLEWOOD  NEW  JERSEY 

Tel ;  LOwell  7-0607 

CANADA:  CANADIAN  MARCONI  CO  •  MARCONI  BUILDING  •  2442  TRENTON  AVE  •  MONTREAL  16 

MARCONI  INSTRUMENTS  LTD  *  ST.  ALBANS  ’  HERTS  ■  ENGLAND 
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PRODUCTION  TECHNIQUES 


Patterned  Fixture  Guides  P-C  Driller 


tion,  the  operator  presses  a  toe 
switch.  The  carbide  drill  below  the 
table  automatically  rises  at  a  con¬ 
trolled  rate,  spinning  at  a  preset 
speed.  Safeguards  prevent  the  drill 
from  operating  unless  the  finger  is 
centered  in  an  indentation.  The 
drilling  stroke  ends  in  the  fixture’s 
plastic  backing.  On  completion  of 
the  stroke,  the  drill  returns  to  rest 
position  and  the  operator  locates 
the  positioning  finger  in  the  next 
indentation. 

Computer-Prepared  Lists 
Serve  as  Wiring  Diagrams 


Finger  drops  in  indentation,  locating  hole  position  over  drill.  Etched  pat¬ 
tern  traces  path  from  hole  to  hole 


electronic* 


UNDER-THE-TABLE  DRILL  and  a  drill¬ 
ing  fixture  that  provides  positive 
positioning  of  the  drill  are  com¬ 
bined  in  a  semiautomatic  machine 
in  use  at  Librascope  Division,  Gen- 


Drill  rises  when  finger  is  centered 
and  operator  presses  toe  switch 


eral  Precision,  Inc.,  Glendale,  Calif. 
Boards  are  drilled  5  at  a  time  and 
hole  locations  are  precise  enough 
for  automatic  component  insertion. 

Librascope,  which  designed  the 
machine  and  had  it  built  by  sub¬ 
contractors,  reports  that  it  has  in¬ 
creased  operator  output  while  cut¬ 
ting  rejects.  The  boards  are  aligned 
in  the  fixture  with  alignment  holes 
drilled  before  etching.  The  same 
holes  also  serve  in  other  production 
steps  requiring  alignment.  Boards 
made  are  used  in  computers  and 
other  industrial-military  equip¬ 
ment. 

The  operator  stacks  5  circuit 
boards  in  the  positioning  fixture. 
This  fixture  is  a  rigid  metal  plate 
backed  by  reinforced  plastic.  The 
surface  of  the  plate  contains  a 
drilling  path  or  pattern  etched  into 
the  metal,  with  positioning  indenta¬ 
tions  corresponding  to  the  holes  to 
be  drilled. 

The  loaded  fixture  is  placed, 
metal  plate  up,  on  the  drill  table. 
A  positioning  finger  located  above 
the  tabel  is  guided  along  the  pat¬ 
tern.  When  the  fixture  is  positioned 
so  the  finger  drops  into  an  indenta- 
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FIG.  1 — Evolution  of  wiring  li»t 
from  %viring  diagrams 

WIRING  DATA  LISTS  prepared  on  elec¬ 
tronic  data  processing  machines  are 
being  used  instead  of  wiring  dia¬ 
grams  for  aircraft  electrical-elec¬ 
tronic  wiring  systems.  North 
American  Aviation,  Inc.,  D® 
Angeles,  Calif.,  says  the  lists  permit 
the  discard  of  conventional  pictorial 
diagrams. 

'Rpr'fliisp  aircraft  wiring  systems 


HANDY  &  HARMAN  SILVER  FLAKE 

Coats  Lighter,  More  Effective  Plastic  Lens 


^^For  Long  Range  Missile  Control  System 


An  exciting  new  application  in  the  missile  control  field 
is  the  development  by  the  Surface  Armament  Division  at 
Sperry  Gyroscope  Company  of  a  silver-coated  plastic  lens 
for  use  with  the  Navy’s  Talos  missile.  As  compared  to 
earlier  metal  versions,  the  new  lens  weighs  substantially 
less  and  provides  twice  the  signal  gain  at  the  same  pro¬ 
duction  cost!  The  Talos  delivers,  with  extreme  accuracy, 
a  high  explosive  or  nuclear  warhead  to  any  altitude  at 
which  airplanes  now  fly,  as  well  as  far  beyond  the  range  of 
human  visibility. 

The  silver  coat  imparts  RF  reflectivity  and  electrical  con¬ 
ductivity  to  the  lens  and  is  applied  in  paint  form.  As  the 
silver  base  for  this  paint,  Sperry  uses  Handy  &  Harman’s 
Silver  Flake.  An  important  quality  of  this  flake  is  that  its 
waferlike  particles  are  asymmetrical  and  overlap  on  the 
surface  of  the  lens,  affording  up  to  35%  of  the  conductiv¬ 
ity  of  an  equivalent  weight  and  shape  of  fine  silver. 
Handy  &  Harman  Silver  Flake  finds  use  throughout  the 
electronic  and  electrical  industries... it  is  ideal  for  pig¬ 


ments  to  make  conductive  coatings  on  such  non-con¬ 
ductors  as  ceramics,  glass,  mica,  plastic  and  paper,  as  in 
the  manufacture  of  capacitors,  thermistors,  carbon  re¬ 
sistors,  printed  circuity  and  electrostatic  shields. 

Handy  &  Harman  has  available  every  form  of  silver 
useful  to  manufacturers  and  fabricators  — flake,  powder, 
paint,  paste,  sheet,  strip,  wire  bimetals,  silver  oxide,  diva¬ 
lent  oxide,  etc.  Our  Research  and  Engineering  Depart¬ 
ment  is  always  available  to  assist  you  in  the  selection 
or  use  of  any  silver  form  for  any  application  from 
brazing  to  conduction  coating.  Below  are  listed  six  of  our 
Technical  Bulletins.  Please  indicate  their  numbers  for 
prompt  attention. 


Fine  Silver  . Bulletin  A-1 

Silver-Copper  Alloys . Bulletin  A-2 

Silver-Magnetium-Nickel  . Bulletin  A-3 

Silver  Conductive  Coatings . Bulletin  A-4 

Silver  Powder  and  Flake . Bulletin  A-5 

Vacuum  Tube  Grade  Brazing  Alloys . Bulletin  25 
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Section  C*102 
3PERRY 

ELECTRONIC  TUBE  DIVISION 
Gainesville,  Fla. 

Please  send  me  a  FREE  Sperry 
Speci-File: 


Company. 


TO  GET  YOUR  FREE 


Speci-File,  use  this  coupon: 


SPECIFY  RAPIDLY 
AND  ACCURATELY 
WITH  SPERRY’S 
SPECI-FILE 


Now  you  can  have  Sperry’s 
complete  family  of  klystron 
and  traveling  wave  tubes 
right  at  your  fingertips  for 
faster,  more  accurate  tube 
selection.  Attractively  pack¬ 
aged  and  comprehensively  in¬ 
dexed,  the  Sperry  Speci-File 
gives  you  complete  electronic 
and  physical  characteristics  of 
every  tube  in  the  Sperry  line. 


TRONIC 
TUBE 
ISION 


GAINESVILLE.  FLORIDA 
A  Division  of  Sperry  Rand  Corporation 


have  become  so  large,  NAA  points 
out,  massive  collections  of  often 
huge  diagrams  became  necessary. 
This  became  costly  to  prepare  and 
difficult  to  follow,  change  and  break 
down  into  wiring  lists  for  various 
specialized  purposes. 

Under  the  system  now  used,  the 
wiring  data  is  taken  off  the  de¬ 
signers’  rough  sketches  by  a  wiring 
data  group.  The  data  is  punched  on 
cards  and  transferred  to  a  magnetic 
tape  memory.  The  data  processing 
equipment  (IBM  709)  is  pro¬ 
grammed  to  prepare  specialized  lists 
for  designers  and  production  per¬ 
sonnel. 

Evolution  of  the  system  used  by 
the  firm  is  shown  in  Fig.  1.  Fig.  lA 
shows  the  old  method  in  which 
every  circuit  was  shown  continu¬ 
ously.  Fig.  IB  eliminates  trunk 
lines  by  cross-referencing  wire 
destinations. 


The  data  list  method  of  Fig.  ic 
eliminates  the  diagram.  Each  end 
of  the  wire  is  seen  on  the  same  line. 
The  actual  wiring  lists  contain 
much  additional  data.  Included  are 
component  identifications,  wiring 
function,  lists  of  materials,  mili- 
tary  specifications,  wire  lengths, 
callout  drawings,  remarks,  revision 
dates  and  so  forth,  depending  on  the 
requirements  of  the  personnel  using 
each  list. 

Among  advantages  are  savings  in 
engineering  and  drafting,  speed  in 
issuing  wiring  instructions  and 
change  orders,  automatic  rejection 
of  erroneous  orders  and  automatic 
preparation  of  wiring  data  for 
maintenance  handbooks.  The  chief 
disadvantage  is  that  the  cost  of  pre¬ 
paring  the  memory  tapes  and  pro¬ 
grams  is  justified  only  when  wir¬ 
ing  diagrams  would  be  voluminous 
and  complicated. 


Nose  Cone  Mandrel  Winds  Its  Own 


•1*  If  "1^ 


Lockheed’s  California  Division  uses  a  revolving  mandrel  to  wind  radar 
nose  cones  for  the  F-10U~  Spinning  on  a  controlled-speed  base,  the  tool 
pulls  glass  fiber  strands  through  a  resin  bath.  Some  18  layers  of  15-mil 
glass  strands  are  woven  into  the  cone.  After  threading  and  curing,  the 
inner  and  outer  layers  are  ground  to  exact  dimensions.  Small  deviatunu 
discovered  during  testing  are  corrected  with  glass  fiber  tape.  Correctvms 
can  be  incorporated  in  the  tool  by  remachining  it.  Man  at  left  in  photo  ts 
scraping  off  excess  resin 
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TIME  means  both  money  and  reputa¬ 
tion  to  system  builders.  To  help  customers 
save  both,  over  10,200  klystron  and  travel¬ 
ing  wave  tubes  have  been  shipped  ON  TIME 
from  Sperry’s  Gainesville,  Florida  plant.  If 
prompt  tube  delivery  is  vital  to  your  system, 
call  Gainesville,  FRanklin  2-0411  collect,  for 
full  information  about  Sperry  capabilities. 


ELECTRONIC 

TUBE 

DIVISION 


Gainesville,  Florida  •  A  Division  of  Sperry  Rand  Corporation 
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SPERRY’S  FAMILY  OF  TRAVELING  WAVE 
TUBES  covers  P  through  X  Bands  with  unusu¬ 
ally  high  output  and  light  weight  These  charac¬ 
teristics,  combined  with  the  inherent  ruggedness 
of  metal-ceramic  construction,  conduction  cooling 
and  wide-range  thermal  compensation,  make 
Sperry  traveling  wave  tubes  particularly  suitable 
for  airborne  applications. 


a 


Machine  Tool  Controls 

NUMERICAL  TAPE  AND  AUTOMATIC  TRACERS 


A  SERIES  of  advanced  automatic  con-  in  turning,  milling,  punching,  drill- 
trol  systems  are  being  introduced  ing,  slotting,  or  routing  operations, 
by  Minneapolis-Honeywell,  Machine  Known  as  an  absolute  point-to-point 
Controls  Division,  2747  Fourth  numerical  positioning  and  speed 
Avenue  South,  Minneapolis,  Minne-  control  system,  it  feeds  taped  in- 


New  On  The  Market 


as  little  as  two  pounds  (for  the 
1-inch  model  150),  has  been  an¬ 
nounced  by  the  El  Labs  Division 
of  Electro  Instruments,  Inc.,  1165 
Morena  Blvd.,  San  Diego,  Calif. 

The  oscilloscopes  will  operate  on 
internal  rechargeable  batteries,  a-c 
power  line,  or  low  voltage  d-c,  pro¬ 
viding  a  precision,  1-,  2-  or  3-inch 
display  equivalent  to  a  laboratory 
instrument.  Performance  and  relia¬ 
bility,  combined  with  portability, 
make  these  particularly  useful  to 
the  service  engineer. 

Symmetrical  vertical  deflection 
amplifiers  provide  high-voltage  and 
high-frequency  defiection  poten¬ 
tials.  The  sweep  is  generated  by  a 
gated,  constant-current  generator 


electronics 


sota.  Included  are  both  numerical 
tape  and  automatic  tracer  control 
systems  that  are  capable  of  auto¬ 
mating  many  machining  operations. 

Three  electrohydraulic  control 
systems  will  be  shown  at  the  Na¬ 
tional  Machine  Tool  Builders  Show 
in  Chicago  (Sept.  6-16).  The  sys¬ 
tems  will  be  displayed  by  several 
manufacturers  on  a  variety  of  ma¬ 
chine  tools.  The  control  systems  are 
highly  versatile  and  require  a 
minimum  of  setup  time,  thus  are 
economically  feasible  for  a  small 
machine  shop  operator.  Previously, 
only  the  large  manufacturer  with 
a  highly  skilled  crew  of  program¬ 
mers  and  large-volume  production 
runs  could  afford  sophisticated 
automatic  machine  control  equip¬ 
ment. 

An  attractive  console  is  used 
with  each  of  the  control  systems. 
The  consoles  are  completely  tran¬ 
sistorized  and  utilize  modular  con¬ 
struction  techniques  to  simplify 
maintenance  and  keep  machine 
down  time  at  a  minimum.  Each  of 
the  systems  can  produce  parts  at 
accuracies  of  0.001  inch. 

The  numerical  control  system  will 
control  any  three-axis  machine  used 


formation  into  the  control  system 
in  the  form  of  exact  X  and  Y  axis 
dimensions.  The  tool  path  between 
any  two  programmed  points  is 
governed  by  speed  control  of  each 
axis.  A  typewriter  is  used  to  pre¬ 
pare  the  tape  from  blueprint  in¬ 
formation. 

The  multimode  tracer  system  is 
capable  of  operating  in  full  contour¬ 
ing  control  through  360  degrees 
and  full  die  sinking  with  automatic 
pick  and  feed  without  requiring  a 
change  in  machine  setup,  template 
or  tracing  head.  The  electro- 
hydraulic  control  system  makes  it 
possible  to  automatically  machine 
any  contour  on  a  lathe — including 
turning  squares  on  a  lathe — with¬ 
out  changing  cutting  tools.  It  gives 
an  engine  lathe  many  of  the  capa¬ 
bilities  previously  available  only 
with  an  automatic  milling  machine. 
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Portable  Oscilloscopes 

TRANSISTORIZED 

A  NEW  LINE  of  transistorized,  port¬ 
able  oscilloscopes,  measuring  only 
23  by  31  by  5i  inches,  and  weighing 


with  a  variable  charging  capacitor. 
Cost  of  the  model  150  oscilloscope  is 
less  than  $500.  Delivery  can  be 
made  within  90  days. 

Specifications  of  the  model  150 
include  sensitivity  from  d-c  to  1.5 
Me,  with  input  impedance  of  1 
megohm. 
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Tape  Connector 
BARBED  CONTACTS 

NEW  FLEX-TAPE  CONNECTORS  provide 
a  simple  means  of  terminating, 
splicing  or  tapping  unterminated 
non-prepared  flexible  conductive 
tape.  Electrical  continuity,  positive 
erinninsr.  and  strain  relief  are  all 


•  /• 
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FROM  EIMAC: 

Breakthrough  in  tube  technology 
opens  up  new  range  of  reliability 


You  are  looking  at  a  major  advance  in  tube  design. 
This  ceramic  envelope  is  made  with  beryllium  oxide 
—an  amazing  insulating  material  now  introduced 
by  Eimac  for  electron  tubes.  It  offers  thermal  con¬ 
ductivity  ten  times  greater  than  any  other  material 
in  use  today.  It  provides  low  losses,  high  breakdown 
strength  and  a  comparatively  low  dielectric  constant 
for  improved  bandwidth  in  critical  applications  such 
as  output  windows. 

With  the  introduction  of  beryllium  oxide,  Eimac 
breaks  through  the  problem  of  dissipating  ever 
larger  amounts  of  heat  in  dielectrics.  And  opens  a 


new  chapter  in  power-output  capabilities  of  high 
power  microwave  and  certain  negative  grid  tubes. 
The  result:  a  whole  new  spectrum  of  tube  reliability 
and  performance.  Beryllium  oxide  is  now  being 
used  in  several  Eimac  production  tube  types  gener¬ 
ating  ten  kilowatts  and  above. 

This  significant  advance  in  the  state  of  the  art  of 
manufacturing  electron  tubes  has  been  pioneered 
by  an  Eimac  sponsored  research  program.  Eimac 
sponsored  research  has  also  resulted  in  the  recent 
introduction  of  the  first  practical  quartz-to-metal 
seal.  Eitel-McCullough,  Inc.,  San  Carlos,  California. 
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obtained  with  a  single  cam  adjust¬ 
ment. 

Multiple  barbed  contacts  are 
forced  through  the  conductive 
metal,  as  well  as  the  insulation  on 
both  sides  of  the  conductive  strips, 
and  firmly  implanted  into  a  holding 


Explosive  Switch 

NO  MOVING  PARTS 

AN  ADAPTABLE  miniature  explosive 
switch  manufactured  by  the  Mimx 
Corporation  of  1505  Gardena  Ave¬ 
nue,  Glendale,  California,  has  no 
moving  parts,  has  a  reliability 
factor  of  99.997  percent,  will  with¬ 
stand  unlimited  g-force,  shock  and 
vibration,  both  before  and  after 
contact  is  completed,  and  is  suitable 
for  environmental  temperatures 
ranging  from  —100  F  to  400  F.  In 
operation  an  explosive  charge 
establishes  a  large-area  permanent 
contact,  providing  virtually  failure¬ 
proof  completion  of  the  circuit. 

The  switch  provides  a  contact 
capacity  of  20  amps,  and  the  firing 
current  may  be  adjusted  to  specific 

Brushless  D-C  Motor 

SMALLER  SIZE 

A  SIMPLIFIED  d-c  motor  in  which 
brushes,  brush  racks,  springs,  slip- 
rings,  commutators,  and  other 
mechanical  components  have  been 
eliminated,  has  been  developed  and 
is  undergoing  advanced  testing  by 
Yuba-Dalmotor  Division,  Santa 
Clara,  California.  In  this  motor,  d-c 
current  is  commuted  by  transistors, 
which  form  the  heart  of  an  oscillat¬ 
ing  system.  In  earlier  transistor- 
commutated  d-c  motors  the  motor 
has  constituted  the  load  on  the 
oscillator.  Here  the  winding  in  the 
motor  is  an  integral  part  of  the 
circuit;  there  is  no  separate  toroid. 


block.  The  connector  may  be  used 
repeatedly  without  damage.  The 
device  is  being  manufactured  by 
Digital  Sensors,  Inc.,  6443  N. 
Figueroa  Street,  Los  Angeles,  Cali¬ 
fornia. 
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needs  by  modifying  the  explosive 
element  or  bridge  wire.  Redundant 
bridge  wires  are  optional. 

External  contacts  also  may  be 
modified  to  use  solder  pots  or  any 
other  type  of  junction.  A  delay 
factor,  adjustable  to  ten  seconds,  is 
available  if  the  switch  is  to  be  used 
as  a  timer. 

The  explosive  switch  has  a  fully 
self-contained  reaction  and  does  not 
contaminate  its  environment.  A 
spst  switch,  it  may  be  modified  to 
accommodate  multiple  circuits.  Con¬ 
figuration  and  size  of  the  switch 
also  may  be  modified  to  satisfy 
particular  requirements. 
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Operational  life  is  limited  only  by 
the  bearings. 

This  simplified  design  not  only 
allows  a  drastic  decrease  in  motor 
size,  but  also  eliminates  radio 
noise  and  environmental  problems 
formerly  encountered  in  operating 
direct-current  motors  in  explosive 
gases,  fuels  or  in  outer  space. 

Motor  speed  can  be  varied 
through  an  infinite  range,  and  only 
mechanical  factors  due  to  centrif¬ 
ugal  force  determine  maximum 
limits.  Small  units  can  be  operated 
up  to  250,000  rpm,  and  by  voltage 
change,  speed  can  be  varied  linearly 


to  provide  analog-type  stepless  con¬ 
trol. 

Size  of  the  motor  is  3  inch  out¬ 
side  diameter  by  2i  inch  long; 
power  is  about  i  hp.  The  brushless 
d-c  motor,  therefore,  could  be  im¬ 
portant  for  the  systems  engineer 
who  has  thus  far  developed  other 
components  to  minute  fractions  of 
their  former  size  only  to  be  stymied 
by  a  relatively  large  motor.  Proto¬ 
types  are  now  being  tested  by  the 
missile  and  tape  recording  indus¬ 
tries.  Production  is  scheduled  for 
the  fourth  quarter  of  1960. 
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Sonic  Delay  Lines 

GIVE  DELAYS  TO  20  MS 

VERSATILE  new  wire  sonic  delay 
lines,  with  substantial  improve¬ 
ments  in  insertion  loss,  bandwidth, 
temperature  stability  and  package 
size,  now  are  available  to  military 
electronics  design  engineers 
through  the  General  Electric  Com¬ 
pany’s  Heavy  Military  Electronics 
Department,  Court  Street  Plant, 
Syracuse,  New  York. 

The  sonic  delay  lines  operate  by 
the  propagation  of  ultrasonic  stress 
waves  through  a  special  alloy  wire. 
They  can  provide  delays  from  2 
microseconds  to  20  milliseconds. 

Relatively  low  insertion  loss  is 
made  possible  by  the  use  of  piezo¬ 
electric  transducers,  with  typical 


loss  for  a  1  millisecond  fixed  delay, 
at  1  megacycle,  of  30  to  35  db. 
Where  a  relatively  narrow  band¬ 
width  is  specified,  a  tuned  input/- 
output  technique  permits  insertion 
losses  of  less  than  15  db. 

Maximum  bandwidth  presently 
available  is  1.25  Me;  temperature 
coefficients  of  delay  are  now  about  1 
ppm  per  degree  C.  Typical  military 
applications  include  computed  data 
storage,  radar  target  simulator, 
signal  processing,  video  pulse,  car- 
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The  world-famous 

AEROCOM  1046 
TRANSMITTER 

00  W  CARRIER  POWER 
WITH  HIGH  STABIUTY 


The  Aerocom  1046  Transmitter  is 
designed  to  give  superior  perform¬ 
ance  for  all  point-to-point  and 
ground-to-air  communications.  It 
is  now  in  use  throughout  the  world 
in  climates  ranging  from  frigid  to 
tropical  (operates  efficiently  at 
—35®  to  +55®  Centigrade). 

As  a  general  purpose  High  Fre¬ 
quency  transmitter,  the  1046  sup¬ 
plies  1000  watts  of  carrier  power 
with  high  stability  (above  —10° 
Centigrade: ±.003%  for  telegraph 
and  telephone.  Temperature  con¬ 
trolled  oven  for  FSK).  Multi¬ 
channel  operation  is  provided  on 


telegraph  Al,  telephone  A3  and 
FSK  (Radio  Teletype).  It  can  be 
remotely  controlled  using  one  pair 
of  telephone  lines  plus  ground 
return  with  Aerocom  Remote 
Control  Equipment.  Front  panel 
switches  and  microphone  are  in¬ 
cluded  for  local  control. 

Four  crystal-controlled  frequen¬ 
cies  (plus  2  closely-spaced  fre¬ 
quencies)  in  the  2.0  -  24.0  mega¬ 
cycle  range  can  be  used  one  at  a 
time,  with  channeling  time  only 
two  seconds.  Operates  into  either 
balanced  or  unbalanced  loads. 
The  power  supply  required  is 
nominal  230  volts,  50  -  60  cycles, 
single  phase. 

The  housing  is  a  fully  enclosed 
rack  cabinet  of  welded  steel,  force- 
ventilated  through  electrostatic 
filter  on  rear  door. 

Telegraph  keying  (Al):  Up  to 
100  words  per  minute.  Model  1000 
M  Modulator  (mounts  in  trans¬ 


mitter  cabinet)  is  used  for  tele¬ 
phone  transmission;  a  compression 
circuit  permits  the  use  of  high 
average  modulation  without  over¬ 
modulation.  Model  400  4  Channel 
exciter  is  used  for  FSK. 

Output  connections  consist  of 
4  insulated  terminals  (for  Mar¬ 
coni  antenna)  and  4  coaxial  fit¬ 
tings  Type  SO-239,  which  can  be 
used  separately  or  in  parallel  in 
any  combination.  For  600  ohm  bal¬ 
anced  load.  Model  TLM  match¬ 
ing  network  is  used,  one  for  each 
transmitter  channel. 

As  in  all  Aerocom  products, 
the  quality  and  workmanship  of 
Model  1046  are  of  the  highest.  All 
components  are  conservatively 
rated.  Replacement  parts  are  al¬ 
ways  available  for  all  Aerocom 
equipment. 

Complete  technical  data  on 
Aerocom  Model  1046  available 
on  request. 
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Can  a  silicon  rectifier 

solve  your  problem? 


It  might,  if  you  have  a  problem  in  DC  power  sources.  For 
example,  some  time  ago  C  &  D  needed  a  high  efficiency,  con* 
stant  potential,  current  limiting  DC  power  supply.  Output 
had  to  be  held  within  ±  1  %  over  an  AC  input  variation  of  + 
15%.  In  addition,  maintenance  would  have  to  be  virtually  nil. 

The  answer  was  found  by  using  a  silicon  rectifier  in  com¬ 
bination  with  simplified  components  that  became  the  heart 
of  C  &  D’s  AutoReg®  charger.  AutoReg  chargers  provide 
continuous,  automatic,  unattended  charging  of  industrial 
storage  batteries.  With  the  exception  of  a  timing  circuit 
there  are  no  moving  parts.  There  are  no  relays  to  adjust  and 
practically  no  maintenance  is  required. 

Now,  C  &  D  has  expanded  facilities  of  the  AutoReg  plant 
to  provide  industry  with  similar  DC  sources,  which  incor¬ 
porate  silicon  rectifiers  and  automatic  regulation.  Final  form 
of  these  units  can  supply  power  in  a  range  from  milliwatts  to 
megawatts,  depending  upon  your  requirements. 

Companies  with  a  problem  in  DC  power  sources  should 
write,  giving  a  general  outline  of  their  requirements,  to: 
Vice  President  in  Charge  of  Engineering 


AutoReg"  Sources 

cz  >1  o  B  AT^'rE:i=iiE:s 

of  Gmahohjockjen,.  . . .  CUtwa..  SfncL. 
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rier,  or  modulated  carrier,  inte¬ 
grating  circuits,  correlation  cir¬ 
cuits,  pulse-timing  and  signal-to- 
noise  improvement. 

Designed  for  stable  operation 
over  wide  temperature  ranges  and 
built  to  withstand  extreme  shock 
and  vibration  conditions,  the  wire 
sonic  delay  lines,  operating  at  1 
megacycle,  have  been  packaged  in 
units  weighing  3  ounces  and 
measuring  4  by  4  by  i  inch  thick 
for  1,000  microseconds  delay.  The 
delay  lines  are  available  in  both 
sample  and  proGuction  quantities, 
at  4  to  6  weeks  delivery. 
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Two  NPN  Transistors 

HIGH-VOLTAGE  TYPE 


TWO  NEW  high-voltage,  high-gain 
transistors  have  been  added  to  the 
Raytheon  line  of  wpn  diffused,  sili¬ 
con  power  transistors.  The  2N1661 
and  2N1662  supplement  the  2N1660 
which  was  introduced  in  May  and 
form  a  family  of  devices  especially 
designed  for  reliable  high-frequency 
power  handling. 

Collector-to-emitter  voltages  have 
been  increased  from  60  to  80  and 
100  volts,  respectively,  in  the 
2N1661  and  2N1662.  The  new  tran¬ 
sistors  have  a  maximum  collector 
current  of  2  amps,  a  minimum  beta 
frequency  of  25  Me,  and  a  power 
output  of  85  watts. 

The  transistors  are  particularly 
well  suited  for  regulated  power  sup¬ 
plies,  power  switching,  power  am¬ 
plifiers,  power  oscillators,  core 
drivers,  and  servo  amplifiers. 

Full  specifications  are  available 
from  Semiconductor  Division,  Ray¬ 
theon  Company,  215  First  Avenue, 
Needham,  Massachusetts. 
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Solid  State  Relay 

LAYER-CAKE  DESIGN 


IbMitactirirs  il  SlyvirChi®  Mwtrial  Batttrits  •  PtastiCeH*  iM  PlastiCal®  Batterin  far  Commmicatitas,  CaatraL  aai 
Aaxiliaiy  Pavar  •  Pradacars  af  AataRai*  Silicaa  Ckargars  aad  AataCal’  Clar|ar  Battet|  Conbiaatiaas 


A  modular  construction  solid 
state  relay,  with  a  life  of  millions 
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of  cycles,  has  been  announced  by 
the  Controls  Division  of  Leach  Cor¬ 
poration,  5915  Avalon  Blvd.,  Los 
Angeles,  California.  The  new  relay, 
SR-lOl-lA,  is  designed  for  high 
reliability  in  space  and  air  vehicles 
or  for  computers,  factory  automa¬ 
tion,  materials  handling  systems, 
data  processing  or  other  analog  or 
proportional  control  systems. 

Layer-cake  construction  allows 
quick  adjustments  for  special  pur¬ 
pose  designs.  The  relay  has  fast 
response,  no  contact  bounce,  iso¬ 
lated  contacts,  snap  action  and  high 
shock  and  vibration  resistance. 
Some  specifications  are:  max.  op¬ 
erating  voltage  of  30  v  d-c,  spst 
normally  open  contact,  approxi¬ 
mately  10  microsecond  operate  time 
and  50  microsecond  release  time. 
The  relay  will  operate  to  1,500 
times  per  second ;  ambient  range  is 
from  —55  to  71  C. 
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SYSTEMS 


For  carrying  cooling 
water  which  must 
undergo  a  change  in 

porcelain  eliminates 
trouble  arising  from 

and  conductivity, 
sludging  and  electro¬ 
lytic  attack  of  finings.  Permanent  cleanness  and  high  resist¬ 
ance  of  cooling  water  is  assured  with  the  completely  vitri¬ 
fied,  non-absorbent  Lapp  porcelain. 


PORCELAIN  WATER  COILS 

Twin  hole  or  single  hole  models  to  provide  flow  of  cooling 
water  from  2  to  90  gallons  per  minute.  Each  assembly  in¬ 
cludes  ceramic  coil,  aluminum  mounting  base,  nickel 
plated  brass  attachment  fittings  . . .  and  is  proof-tested  to 
100  lbs.  per  square  inch  water  pressure. 

PORCELAIN  PIPE 

Practically  any  piping  layout  can  be  made  with  these  pieces 
. . .  swivel  flanges  provide  automatic  alignment.  Straight 
pipe  up  to  60"  lengths,  90®  and  180®  elbows,  fittings  for 
easy  attachment  to  metal  pipe;  matching  support  insula¬ 
tors.  Inside  diameters  to  3”- 
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Multiplier  Phototubes 

TWO  MODELS 

CBS  LABORATORIES,  High  Ridge 
Road,  Stamford,  Conn.,  announces 
two  new  10-stage  multiplier  photo¬ 
tubes  sensitive  to  the  visible  por¬ 
tion  of  the  spectrum  and  designed 
to  withstand  shock  and  vibration. 
The  CL-1002  and  CL-1003,  2  in.  and 
3  in.  diameter  respectively,  are  end- 
on  10-stage  multipliers  with  special 
linear  dynode  structures.  The  face¬ 
plate  is  plano-concave  with  S-11 
photocathode  (visible  response)  de¬ 
posited  on  a  curved  surface  to  in¬ 
sure  excellent  uniformity  of  re¬ 
sponse  across  the  face  of  the  tube. 
Insult  is  an  extremely  short  transit 
time  spread  and  very  high  photo¬ 
electron  collection  efficiency.  Special 
Inconel  spring  support  and  rugged 
construction  assure  increased  re- 
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WRITE  for  Bulletin  301  containing  complete 
description  and  specification  data.  Lapp 
Insulator  Co.,  Inc.,  170  Sumner  Street, 

Le  Roy,  New  York. 
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Hi-Fi  e  Ham  Gear 

KITS  AND  WIRED 

for  professional  and  home  use 


TEST  INSTRUMENTS 

battery  eliminators 
battery  testers 
bridges 
decade  boxes 
electronic  switch 
flyback  tester 
oscilloscopes 
probes 
signal  and 


HI-FI 

Stereo  and  nenaoral 

tuners 

preamplifiers 

flower  amplifiers 
ntegrated  amplifiers 
speaker  systems 

HAM  SEAR 

cw  transmitter 


sweep  generators  {  modulator-driver 


tube  testers 
transistor  tester 
vacuum  tube 
voltmeters 
volt-ohm- 
milliammeters 


I  grid  dip  meter 

I  OVER  2  MIUION 
{  EICO  instruments  in 

•  use  throughout 

•  the  world. 


LIFETIME  service  and  caiibration  guarantee. 
IN  STOCK  at  your  neighborhood  EICO  dealer. 
Send  now  for  FREE  catalog  E-8A 


si.stance  to  shock  and  vibration. 
The  tubes  are  designed  for  use  in 
scintillation  counting,  spectroscopy, 
photometry  and  flying  spot  scannw 
applications. 
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Static  Converter 

60  CPS  TO  28  V  D-C 

VARO  MFG.  CO.,  INC.,  2201  Walnut 
St,,  Garland,  Texas.  Model  3078 
static  d^c  power  supply  is  used  in 
applications  requiring  conversion  of 
60  cps  115  V  a-c  power  to  28  v  d-c 
power.  Unit  is  designed  for  con¬ 
tinuous  maintenance  free  operation 
in  missile  checkout  systems,  fire 
control  systems,  computers,  and  for 
general  instrumentation.  It  is  rug- 
gedized  and  conforms  to  exacting 
environmental  specifications. 
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PROTECTS  YOUR 
TUBES,  COMPONENTS 

—eliminates  the  old  bugaboo  of  ^ 
coble  entanglement  which  damages  | 
tubes  and  components  in  lower  chassis  ! 
each  time  the  one  above  is  withdrawn 
for  service  and  returned  to  position,  j 
Our  new  Coble  Retractor's  double  action  ' 
maintains  constant  tension  and  correct  sus* 
pension  of  coble  at  oil  times— permits  ample 
coble  length  for  full  extension  and  tilting  of  i 
chassis  without  hazard  of  snagging. 

For  use  with  all  types  of  chassis  or  drawer 
slides,  adjustable  to  fit  varying  chassis 
lengths,  simple  to  install,  inexpensive,  proven 
thoroughly  reliable  in  operation. 

Mounts  on  rear  support  rails  on  standard 
1%"  hole  increments.  Cadmium  plated  CRS, 
Write  for  Bulletin  CR-100F 

ORegon  8-7827  , 

Western  Devices,  Inc. 

600  W.  FLORENCE  AVE.,  INGLEWOOD  1,  CALIF. 
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Beam  Power  Tube 

PERFORMS  TO  175  MC 

WESTINGHOUSE  ELECTRIC  CORP.,  P.  0. 
Box  284,  Elmira,  N.  Y.  The  WL- 
7371  r-f  beam  power  pentode  is 
designed  for  communication  trans¬ 
mitters  and  adaptable  for  ssb  linear 
amplifier  service.  Input  power  rat¬ 
ings  of  300  w  and  plate  dissipation 
of  75  w  are  applicable  for  continu¬ 
ous  commercial  service.  A  maxi¬ 
mum  signal  power  dissipation  of 
125  w  applies  for  ssb  service.  Per- 
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Use  these  handy  prepaid 
KtAMK  SERVia  POST  CARDS 
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PRODUCTS  ADVERTISED 
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THE 

ELECTRONICS 
MAN . . . 

A  SPECIAL 
BREED 

In  most  industries  the  manage¬ 
ment  man  went  to  business  school 
and  doesn’t  concern  himself  with 
design  problems. 

In  most  industries  the  design  en¬ 
gineer  doesn’t  concern  himself  with 
management  problems. 

The  electronics  man  is  different. 

He  is  many  things.  He  is  in  Re¬ 
search  -  Design  -  Production  -  Manage¬ 
ment.  His  intere.sts  are  in  any  or  all 
of  the  four  areas. 

No  matter  where  you  find  the  elec¬ 
tronics  man  his  engineering  back¬ 
ground  enables  him  to  influence  the 
purchase  of  electronic  components 
and  equipment.  Your  advertising 
must  reach  him  if  you  are  to  sell 
electronic  goods. 

This  is  the  .strength  of  electronics, 
the  one  magazine  published  weekly 
and  edited  to  reach  this  engineering 
oriented  electronics  man,  wherever 
he  is. 

THE  ELECTRONICS  MAN 

“BUYS"  WHAT  HE  READS  IN... 

electronics 

and  in  the 

electronics  BUYERS*  GUIDE 

A  MOORAW-HII.L  PUBLICATION 

330  West  42nd  St..  N.V.  36,  N.V. 


formance  of  the  new  tube  extends 
to  175  Me.  Reliable  service  and 
high  efficiency  are  obtained  by  the 
thoriated  tungsten  cathode.  Also, 
good  isolation  between  input  and 
output  circuit  is  provided  by  the 
tube’s  construction.  A  rugged 
screen  grid  gives  ample  dissipation 
for  all  types  of  communication 
service. 
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loading  a  Genisco  AAodel  A  1030  G-Accclerator  into  one  of  Begins 
Electronics  Vans.  Unit  measures  106  inches  wide  by  137  inches  deep. 

Weight  uncrated  is  approximotely  2000  lbs. 


“Bekins  Certified 
Eiectronics  Moving 
Service  meets  our 
speciai  needs...” 


Preamplifier 

TELEMETRY  TYPE 


LEL,  INC.,  380  Oak  St.,  Copiague, 
L.  I.,  N.  Y.  Using  newly  developed 
high  gain-  bandwidth  ceramic  tri- 
odes,  the  TP-5  telemetry  preampli¬ 
fier  provides  a  gain  of  26  db,  a  nom¬ 
inal  noise  figure  of  3.5  db  over  the 
passband  of  215-260  Me  telemeter¬ 
ing  band.  The  integral  power  sup¬ 
ply  provides  regulated  heater  volt¬ 
age.  The  entire  assembly,  con¬ 
tained  in  a  weather-proof  housing 
for  antenna  tower  mounting,  re¬ 
quires  a  mounting  space  of  6i  by 
6i  by  6  in.  and  weighs  6  lb.  The 
TP-5  is  also  available  rack 
mounted. 
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R.  M.  Custer,  Director — Mechanical  Division 
Genisco,  Inc.,  los  Angeles,  California 


"We  save  valuable  time  and  money  shipping  Genisco’s  electro¬ 
mechanical  test  equipment  via  Bekins  Electronics  Moving  Vans. 

"Before  using  Bekins  to  ship  our  larger  centrifuges,  we  had  the 
expense  of  dismantling,  costly  bulkhead  crating,  and  reassembling  of 
these  units  at  destination. 

"Now,  however,  we  load  even  our  large  Model  A  1030  G- Accelerators 
directly  into  the  11 -foot  door  opening  of  Bekins  Electronic  Vans.  This 
represents  an  average  saving  of  30  man-hours  at  each  end  of  the  haul; 
eliminates  crating  and  uncrating  costs.  And  Bekins  Stabilride  van  sus¬ 
pension  minimizes  rebalancing  of  machine  components  at  destination. 

"By  meeting  our  special  needs,  we  feel  Bekins  provides  a  great  service 
for  Genisco  and  our  customers.” 


As  leading  electronics  manufacturers  everywhere  have  found,  Bekins 
Certified  Electronics  Moving  Service  is  unequalled... 

Certified  Training  Crews 
Certified  Supervision 
Certified  Electronics  >^ns 
Certified  Movamatic  Equipment 

All  good  reasons  to  use  Bekins  for 
your  next  electronics  moving  job. 


ELECTRONICS  MOVING 
DIVISION 


Relay  Drivers 

DUAL  UNITS 


ENGINEERED  ELECTRONICS  CO.,  144J 

E.  Chestnut  Ave.,  Santa  Ana,  Calif. 
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announces  two  new  transistorized 
relay  drivers  that  provide  the 
power  to  operate  moderately  sensi¬ 
tive  relays,  indicator  elements,  or 
resistive  loads.  The  T-134  and 
T-135  are  dual  units.  Each  will 
switch  a  resistive  load  at  frequen¬ 
cies  up  to  50  Kc  at  currents  up 
to  50  ma,  maximum,  and  volt¬ 
ages  up  to  28  V  maximum.  The 
drivers  will  also  operate  with  re¬ 
lays  when  diode  clamping  is  pro¬ 
vided  to  protect  against  back 
surges.  The  units  are  actually  ger¬ 
manium  switching  transistors 
that  may  be  operated  directly  from 
EECO  T-Series  germanium  digital 
modules.  The  turn-on  signal  for  the 
T-134  is  —11  V  nominal;  turn-off 
is  -  3v  nominal.  The  T-135  op¬ 
erates  on  the  opposite  signal  po¬ 
larities — turn-on  signal  is  —  3  v 
nominal  and  turn-off  signal  is 
-  11 V  nominal.  Both  units  have  the 
.same  power  requirements  (±  12  v 
d-c),  maximum  load  (  -  35  v  at 
100  ma,  each  output),  and  operat¬ 
ing  temperature  range  (—  55  C  to 
+  71  C). 
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Standoff  Terminals 

DOUBLE-TURRETED 


CAMBRIDGE  THERMIONIC  CORP.,  445 
Concord  Ave.,  Cambridge  38,  Mass., 
announces  four  new  double-turreted 
Teflon  insulated  standoff  terminals. 
They  are  available  in  the  following 
heights  when  mounted:  No.  4025,  j 
1  in.;  No.  4026,  approximately  A 
in.;  No.  4027,  approximately  ft  in.;  | 
and  No.  4028,  .U  in.  They  are  0.148 
in.  in  diameter  and  press  fit  into  a 
0.136  in.  2:  0.002  in.  hole,  accom¬ 
modating  panel  thicknesses  from  A 

August  26,  I960 


THIS  “BABY” 
CAN  REALLY 
TAKE  IT! 
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SHOCK 


VIBRATION 


COLD 


HUMIDITY 


ALTITUDE 


AMPEX 


Sp6CifieS  Hill  signal  generators 
for  use  in  the  AR-200  magnetic  tape 
recorder  because  of  their  high  relia¬ 
bility  under  extreme  environmental 
conditions.  The  compact  Hill  units 
generate  a  precision  60-cycle  fre¬ 
quency  which  is  power  amplified  to 
operate  the  recorder’s  capstan  drive 
motor.  While  paralleling  the  qualities 
of  advanced  laboratory  recorders,  the 
sturdy  Ampex  AR-200  will  withstand 
shock  up  to  1 5  G’s,  operate  at  altitudes 
of  100,000  feet,  function  under  ex¬ 
cessive  temperature  changes  and  in 
up  to  100%  humidity.  It  displaces 
only  1.6  cubic  feet. 


BULLETIN  FS  17900 

fully  describes  Hill’s  Signal  Generator  used 

in  this  application.  Write  for  your  copy. 

Hill  Electronics  manufactures  precision, 
crystal  controlled  frequency  sources,  filters 
and  other  crystal  devices  for  operation  un¬ 
der  all  types  and  combinations  of  conditions. 


HILL  ELECTRONICS,  INC 


MECHANICSBURG.  PENNSYLVANIA 


in.  to  i  in.  Terminals  are  brass 
and  finished  in  0.0003  in.  silver 
plate  or  0.0003  in.  electro-tin  lead 
plate.  They  are  available  in  natural 
Teflon  or  8  different  code  colors. 
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MONATOMIC 

DIATOMIC 


RADIOACTIVE 
SPECIAL  MIXTUKEf" 
,  COMBINATIONS’ 


All  Linde  atmospheric  gases  are 
produced  under  continuous  Mass 
Spectrometer  Control  — insuring 
highest  possible  purity. 

Huge  production  facilities  and  a 
widespread  distribution  system  make 
it  possible  for  Linde  to  supply  large 
quantities  of  these  gases  and  mixtures 
throughout  the  country— in  bulbs  or 
in  cylinders  of  various  sizes.  These 
unique  capabilities  are  the  result  of 
50  years  of  pioneering  research  and 
development  w'ork  in  rare  gases  and 
their  behavior. 

Linde  gases  serve  the  electronics 
industry  in  a  wide  range  of  uses,  such 
as  electron  tubes  including  thyra- 
trons,  Geiger-Muller,  and  high- 
voltage  regulator  tubes;  x-ray 
fluorescence  analyzers,  electric  dis¬ 
plays,  and  insulation  for  high-voltage 
terminals;  standard  and  miniature 
incandescent  lamps  and  high-speed 
photographic  lamps.  Many  new  uses 
are  constantly  being  developed. 

For  complete  data  on  gases,  write 
for  a  copy  of  F-1002C,  “Linde  High 
Purity  Gases.”  Address  Dept.  E826, 
Linde  Company,  Division  of  Union 
Carbide  Corporation,  270  Park  Ave¬ 
nue,  New  York  17,  N.Y.  /n  Canada: 
Linde  Company,  Division  of  Union 
Carbide  Canada  Limited,  Toronto  7. 
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COMPANY 

L  ndi  <infl  L/’.ion  CAKPiDf  a'p  ^  • 

'eRiste'*'C)  rr^ark*.  *  •  *  *  * 


UNION 

CARBIDE 


Hydrogen  Thyratron 

CERAMIC-METAL 

ITT  COMPONENTS  DIVISION,  P.  0.  Box 
412,  Clifton,  N.  J.  The  Kuthe  type 
Ku-74  ceramic-metal  hydrogen  thy¬ 
ratron  has  been  specifically  de¬ 
signed  to  meet  the  requirements  of 
long  pulse,  high  average  power 
radars.  Rated  at  33  megawatts 
peak  power  this  tube  is  capable  of 
operation  at  an  average  anode  cur¬ 
rent  of  4.0  amperes  at  an  rms  value 
of  90  amperes.  Design  features  in¬ 
clude  the  use  of  internal  heat  sinks 
to  maintain  proper  operating 
temperatures  of  the  grid  and  reser¬ 
voir.  A  unique  anode  design  pre¬ 
vents  local  hot  spotting  of  the 
anode.  No  artificial  cooling  of  this 
tube  is  necessary  under  ordinary 
ambient  condition  during  full 
power  operation. 
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D-C/D-C  Power  Supply 

FOR  TELEMETRY  USE 

NETWORKS  ELECTRONIC  CORP.,  14806 
Oxnard,  Van  Nuys,  Calif.  A  new 
d-c/d-c  power  supply  which  com¬ 
bines  the  features  of  close  tolerance 


CIRCLE  98  ON  READER  SERVICE  CARD 


electronics 


regulations,  high  temperature  sta¬ 
bility  and  galvanically  isolated  in¬ 
put  and  output  terminals  has  been 
designed  for  bridge  excitation  and 
other  telemetry  applications.  It 
has  an  output  of  5  v  d-c,  adjustable 
±5  percent,  and  features  regula¬ 
tion  of  ±1  percent  for  combined 
line,  load  and  temperature  varia¬ 
tions.  Rated  output  on  the  unit  is 
100  ma,  but  the  device  will  main¬ 
tain  regulation  to  200  ma.  Maxi¬ 
mum  ripple  under  rated  load  is  less 
than  0.1  percent  rms.  Input  volt¬ 
age  is  also  filtered  to  prevent 
switching-current  pulses  from  feed¬ 
ing  back  into  the  line.  Tempera¬ 
ture  ranges  are  available  from  —55 
to  +100  C.  Overload  and  short- 
circuit  protection  are  inherent  in 
the  design.  Input  is  28  v  d-c  ±4  v 
with  a  maximum  current  drain, 
under  any  conditions,  of  220  ma. 
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EECO’S  ALL-STAR  LINEUP  OF  TIME  CODE 
GENERATORS  COVERS  ALL  THESE  BASES 


From  missile  base  to  basic  research,  in  launching-area  heat  or  Dew-Line 
cold.  Electronic  Engineering  Company  answers  your  project’s  time  code 
needs  with  these  outstanding  time  code  generators . . .  for  binary  or  BCD 
readouts,  coded  for  Atlantic  Missile  Range,  EgUn  Test  Range  or  the  new 
Inter-Rfmge  Instrumentation  Group  (IRIG)  format  proposed  for  world¬ 
wide  use  in  satellite  tracking. 

All  EECo  time  code  generators  can  be  used  with  oscillographs,  strip 
chart  recorders,  magnetic  tape  or  for  driving  neon  flash  lamp  ampli¬ 
fiers  . . .  for  time-correlation  of  data  recorded  by  different  instruments 
at  one  or  more  sites.  All  have  advance-retard  controls  for  synchronizing 
internal  1  pps  to  WWV. 


MORE  ACCURACY  PER  DOLLAR 

Both  time-of-day  code  output 
(24-hour  recycling)  and  any  2 
of  8  pulse  rates.  Time-corre¬ 
late  data  to  within  ±  1  milli¬ 
second  at  a  cost  of  only 
$7,650  for  the  ZA-801,  $7,050 
for  the  ZA-802.  Frequency  Sta¬ 
bility:  3  parts  in  108  per  day. 


MODEL  ZA-801  BCD  OUTPUT  (24-BIT) 
MODEL  ZA-803  BCD  OUTPUT  (20  BIT) 


Compact ...  solid-state  plug-in 
circuits  ...  sized  for  stand¬ 
ard  rack  mounting.  Complete 
unit,  including  power  supply, 
7"  X  19"  X  17". 


Transistor  Welder 
AUTOMATIC  MACHINE 


MODEL  ZA-802  BINARY  OUTPUT  (17-BIT) 


NATIONAL  ELECTRIC  WELDING  MA¬ 
CHINES  CO.,  1846  Trumbull  St., 
Bay  City,  Mich.  This  console  type 
automatic  transistor  welder  is  es¬ 
sentially  a  basic  unit  which  uses 
standard  key  components  and  which 
can  be  tooled  for  either  dial  feed  or 
single  point  operation.  A  3  ft  by 
4  ft  table,  32  in.  high,  forms  the  top 
of  the  unit’s  base  and  is  designed 
specifically  to  accommodate  a 
standard  dry  box.  An  operator, 
seated  at  the  console  and  hand¬ 
loading  a  six-station  dial,  can  pro¬ 
duce  2,000  transistors  an  hour,  A 
major  design  feature  is  the  location 
of  the  welding  transformer  in  the 
base  of  the  unit.  This  not  only 
makes  for  greater  compactness  but 
permits  a  user  who  has  a  single 
point  machine  to  convert  to  dial 
feed  later  with  minimum  change¬ 
over. 
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GENERATES  NEW  IRIG  FORMAT 

These  new  solid-state  time 
code  generators  use  proposed 
Inter-Range  Instrumentation 
Group  formats.  ZA-810  cur¬ 
rently  being  used  for  National 
Bureau  of  Standard  broadcasts 
over  WWV. 

Both  generators  have  same 
high  accuracy  as  ZA-801  and 
802.  Packaged  plug-in  circuits. 
Complete  unit  7"  x  19"  x  18". 
Weight  only  35  poimds.  Price 
of  either  model:  $11,180. 

WRITE  FOR  TIME  CODE  GENERATOR  FILE  301. 

TIMING  SYSTEM  DESIGN  CONSULTA-nON  ON  REQUEST. 

Electronic  Engineering  Company  of  California 

1601  East  Chestnut  Avenue  •  Santa  Ana,  California  •  Kimberly  7-5501  •  TWX:  Santa  Ana  Cal  5263 

MISSILE  ft  AIRCRAFT  RANGE  INSTRUMENTATION  •  DIGITAL  DATA  PROCESSING  SYSTEMS  • 
TIMING  SYSTEMS  •COMPUTER  LANGUAGE  TRANSLATORS  •  SPECIAL  ELECTRONIC  EQUIPMENT 


MODEL  ZA-810  36-BIT  100  PPS  CODE 

ALSO  MODEL  ZA-810-M1 
23-BIT  2  PPS  CODE  (IRIG  TYPE  C) 
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Here  is  an  equipment  designer’s  dream  come  true; 
tests  prove  that  the  greater  the  stress,  the  greater  the 
security  with  Atlee  holders. 

PUNISHING  TEST:  Components  mounted  in  Atlee 
holders  were  subjected  to  500  cps  vibration  at  90  G 
peak  acceleration,  2,000  cps  vibration  at  65  G  peak 
acceleration,  and  200-G  shocks  at  right  angles  to 
and  also  along  the  axis  of  the  holder.  Force  required 
to  remove  the  component  was  measured  before, 
during  and  after  this  punishing  test. 

RESULTS:  Required  removal  force  was  higher  by 
a  substantial  amount  during  and  after  vibration, 
and  after  the  impact  shocks.  There  was  no  shifting 
of  the  component  in  the  holder,  and  no  resonances 
developed  at  any  frequency  under  vibration. 


DYNAMIC  GRIP 


As  shock  and  vibration  increase,  this  holding  power  automatically 
increases  because  Atlee  Component  Holders  have  been  engineered  to 
meet  the  most  severe  operating  conditions. 


DESIGN  FOR  RELIABILITY  WITH  otiee  —  Benefit  from  a 
complete  line  of  superior  heat-dissipating  holders  and  shields  of  all 
types,  plus  the  experience  and  skill  to  help  you  solve  unusual  prob¬ 
lems  of  holding  and  cooling  electronic  components. 


Literature  of 

THERMISTOR  PROBES  Fenwal 
Electronics,  Inc.,  51  Mellen  St., 
Framingham,  Mass.,  has  released  a 
new  8-page  folder  on  its  standard 
line  of  thermistor  probes.  It  con¬ 
tains  more  than  50  outline  draw¬ 
ings  showing  dimensions,  and  gives 
a  description  and  primary  use  for 
each. 
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MODULAR  POWER  SUPPLIES 
Dressen-Barnes  Corp.,  250  North 
Vinedo  Ave.,  Pasadena,  Calif.  A 
data  sheet  describing  a  series  of  24 
new  modular  power  supplies  shows 
photographs  of  the  unique  packag¬ 
ing  method  designed  to  dissipate 
transistor  and  transformer  heat 
without  use  of  auxiliary  dissipators. 
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MICROWAVE  OSCILLATORS 
Menlo  Park  Engineering,  711  Ham¬ 
ilton  Ave.,  Menlo  Park,  Calif. 
Electronically  swept  microwave  os¬ 
cillators  covering  the  frequency 
ranges  from  1,000  to  12,400  Me  are 
described  in  a  recent  catalog  sheet. 
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RECORDERS  &  REPRODUCERS 
Westrex  Corp.,  6601  Romaine  St., 
Hollywood  38,  Calif.  The  RA1500 
series  of  magnetic  film  recorders 
and  reproducers  is  described  in  a 
four-page  illustrated  brochure. 
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ENVIRONMENTAL  TESTING 
Webber  Mfg.  Co.,  Inc.,  P.  0.  Box 
217,  Indianapolis  6,  Ind.  Latest 
data  on  environmental  testing  and 
other  applications  for  controlled 
atmospheric  conditions  is  the  sub¬ 
ject  of  new  32-page  brochure  No. 
600. 
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IMMERSIBLE  TRANSDUCERS 
National  Ultrasonic  Corp.,  IB 
Montgomery  Ave.,  Irvington,  N.  J- 
A  catalog  sheet  now  available  de¬ 
scribes  the  bulkhead  type  and  end 
fitting  type  immersible  transducers 
offered  by  the  firm. 
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INSTRUMENT  DRIVE  Insco  Co. 
Division  of  Barry  Controls  Inc., 
Hollis  St.,  Groton,  Mass.  Applica¬ 
tion  data  sheet  No.  5  describes  the 
Auto-Scan,  a  drive  system  for  the 
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tuning  condensers'  of  a  receiver 
used  in  a  missile  detection  system. 
The  instrument  described  is  based 
on  the  versatility  of  the  step-func¬ 
tion  speed  redactor  principle,  also 
using  various  other  linkages  and 
mechanisms. 
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BASIC  SWITCHES  Micro  Switch, 
Freeport.  Ill.  Data  sheet  No.  175 
is  a  four-page  folder  covering  three 
series  of  basic  switches  with  gold 
contacts.  It  includes  photographs, 
mounting  dimension  drawings,  me¬ 
chanical  characteristics,  electrical 
ratings  and  pricing  as  well  as  other 
helpful  information. 
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PLANAR  DIODES  Fairchild  Semi¬ 
conductor  Corp.,  4300  Redwood 
Highway,  San  Rafael,  Calif.  Cat¬ 
alog  No.  SL-201/1  is  an  eight-page, 
two-color  brochure  containing  es¬ 
sential  data  on  more  than  200 
planar  diodes. 
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POTENTIOMETERS  Basic  Elec¬ 
tronic  Controls  Div.,  Wells  Indus¬ 
tries  Corp.,  6880  Troost  Ave., 
.North  Hollywood,  Calif.  Four-page 
two-color  brochure  describes  three 
basic  lines  of  potentiometers  in  pro¬ 
duction — subminiature  trimming, 
precision  rotary  and  linear  motion 
potentiometers. 

CIRCLE  359  ON  READER  SERVICE  CARD 

CONSTANT -CURRENT  CON¬ 
VERSION  Electronic  Measure¬ 
ments  Co..  Inc.,  Eatontown,  N.  J. 
Technical  Note  23  describes  the 
simple  external  connection  required 
to  convert  Regatran  programmable 
power  supplies  from  voltage-regu¬ 
lated  to  current-regulated  output, 
and  explains  the  method  employed 
lor  control. 
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bidirectional  transis¬ 
tors  Radio  Corp.  of  America, 
Somerville,  N.  J.  Bulletin  ICE-213 
covers  the  types  2N1169  and 
2N1170  bidirectional  germanium 
alloy-junction  transistors  for 
switching  applications  in  military 
and  industrial  data-processing  sys¬ 
tems. 
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r-f  telemetry 

power  amplifiers 

These  power  amplifiers  are  another  family  of  flight  proven  air¬ 
borne  components  used  in  UED  FM/FM  and  PCM  systems 
and  also  available  to  industry.  Now  in  quantity  production,  the 
power  amplifiers  are  doing  service  in  such  missiles  as  Minute- 
man  and  Hound  Dog,  and  in  space  programs  such  as  Midas  and 
Samos.  Characteristics  common  to  all  members  of  the  PA-family 
are:  2  watt  RF  drive;  50  ohm  input  impedance;  rated  output 
into  50  ohm  load;  frequency  range  215  to  260  me;  bandwidth 
—3  me.  Each  member  also  has  the  following  outstanding  indi¬ 
vidual  characteristics: 


PA-10 


PA-11 


The  smallest  and  lightest  10-watt  telemetry  power  am¬ 
plifier  available --45%  overall  efficiency. 

•  Hermetically  sealed. 

•  Vibration  /  20  g’s  from  20  to  2000  cos. 

•  Operating  Temperature  /  —  40°F  to  200°F 

•  Power  Requirements  /  200V  plate  at  90  ma-, 

6.3V,  800  ma  or  28V,  200  ma  filament. 

•  Size  /  2.00  X  1.56  X  3.00  inches;  Weight  /  9  ounces. 

10  to  25  watts  output  with  no  cooling  required.  Com¬ 
plete  protection  against  damage  due  to  loss  of  RF  drive. 

•  Vibration  /  10  g’s  from  20  to  2000  cps. 

•  Temperature  /  up  to  185°F  base  plate  temperature  at 
rated  power  output. 

•  Power  Requirements  /  Plate  250  VDC  at  105  ma. 

6.3V,  1  amp.,  or  28V,  0.25  amp.  filament. 

•  Size  /  3.48  x  1.80  x  3.25  inches-.  Weight  /  18  ounces. 

Self  contained  blower  for  100  watt  operation  with  2 
watts  RF  drive  power. 

•  Vibration  /  10  g’s  from  20  to  2000  cps. 

•  Temperature  /  — 67°F  to  -|-176°F  at  rated  output. 

•  Acceleration  /  100  g’s  for  1  minute  duration. 

•  Size  /  3.56  x  5.31  x  3.00  inches;  Weight  /  2.6  pounds. 


UED’s  soundly-conceived  and  solidly-built  systems  and  com¬ 
ponents  can  help  solve  your  design  problems.  Data  sheets,  test 
reports  and  technical  consultation  on  request.  Write  or  call: 

[nited  ElectroDynamics,  Inc. 

^smbseb 


PA-14 


ALLENDALE  RD.,  PASADENA,  CALIF. 
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'  PEOPLE  AND  PLANTS 

I 


MIT  to  Widen  Vistas  in  Solid  State 


EXTENSION  of  solid  state  research  is 
under  way  at  Massachusetts  Insti¬ 
tute  of  Technology  as  the  institute 
shapes  plans  for  a  new  Magnet 
Laboratory  to  be  built  on  the  cam¬ 
pus  with  $9,502,000  provided  by  the 
Air  Force. 

The  national  research  center  will 
provide  advanced  experimenters 
with  unprecedented  facilities  for 
use  of  one  of  the  most  significant 
modern  research  tools — very  high 
magnetic  fields  (Electronics,  p  43, 
Oct.  2, 1959).  Scientific  applications 
of  the  powerful  instrument  will 
range  from  sub-atomic  particle  re¬ 
search  to  cosmological  studies. 

Expected  to  be  in  full  operation 
in  1964,  the  facility  will  house  the 
world’s  most  powerful  magnet  and 
is  expected  to  become  an  interna¬ 
tional  center  of  work  on  very  high 
magnetic  fields.  “We  view  it  as  an 
Institute  for  Advanced  Experimen¬ 
tal  Research,  analogous  to  Brook- 
haven  and  the  Institute  for  Ad¬ 
vanced  Study,”  says  Benjamin  Lax 
(shown  at  left),  who  will  be  direc¬ 
tor  of  the  lab.  Lax  is  now  head  of 
the  solid  state  division  at  MIT  Lin¬ 
coln  Laboratory. 

Construction  will  start  in  mid- 
1961,  a  few  months  before  the  first 
International  Conference  on  High 
Magnetic  Fields  is  scheduled  to  con¬ 
vene  at  MIT  in  November  of  next 
year. 

Design  and  construction  of  the 
laboratory  will  be  directed  by  Prof. 
Francis  Bitter  (right),  a  pioneer  in 
the  development  and  application  of 
high  field  magnets.  Simultaneously, 
Bitter  will  begin  new  studies  and 
research  at  MIT  on  the  magnetiza¬ 


tion  of  the  sun  and  its  planets  and 
on  the  role  of  magnetic  forces  in  the 
evolution  of  the  solar  system.  He 
will  become  professor  of  geophysics 
at  MIT. 

Two  motor  generators  at  the  fa¬ 
cility  will  be  capable  of  producing  8 
megawatts  of  continuous  power,  32 
megawatts  of  pulsed  power,  for  cre¬ 
ation  of  continuous  magnetic  fields 
up  to  250,000  gauss.  Twenty  years 
ago.  Prof.  Bitter  developed  a  1-inch- 
caliber,  100,000  gauss  magnet,  and 
this  has  been  duplicated  in  several 
laboratories. 

Some  4,000  gallons  of  water  per 
minute  will  be  pumped  from  the 
Charles  River  nearby  to  cool  the 
magnets  in  the  new  MIT  lab.  Eight 
stations  will  be  built  into  the  center, 
for  simultaneous  experiments  by 
staff  members  and  visiting  scien¬ 
tists. 

In  solid  state  research,  plans  are 
being  made  for  detailed  experiments 
with  tunnel  diodes,  including  ex¬ 
ploration  of  the  basic  phenomenon 
of  tunneling.  Prof.  Bitter’s  old  lab 
is  being  used  as  a  testing  ground 
for  some  of  the  solid  state  experi¬ 
ments. 

The  higher  magnetic  fields,  in 
combination  with  microwave,  milli¬ 
meter  and  infrared  radiation,  are 
expected  to  yield  significant  data  for 
electronic  applications.  They  will 
provide  a  versatile  instrument  for 
research  in  plasmas,  solid  state  and 
low  temperature  physics,  high  reso¬ 
lution  spectrometry,  cyclotron  reso¬ 
nance  in  semiconductors,  studies  of 
the  optical  properties  of  solids,  nu¬ 
clear  physics  and  magnetohydro¬ 
dynamics. 


Monitor  Products 
Appoints  Engineers 

TWO  recent  appointments  have  been 
announced  by  Monitor  Products, 
South  Pasadena,  Calif.,  manufac¬ 
turers  of  oscillators,  crystals  and 
ovens  for  more  than  25  years. 

David  Collins  has  been  named 
chief  oscillator  engineer.  He  re¬ 
cently  came  from  JPL,  where  he 
was  attached  to  spacecraft  control  | 
group.  He  was  with  Hughes  Air-  P 
craft,  as  senior  research  engineer 
in  the  communication  division.  i 

A  second  appointment  is  Charles  J 
Ryan  as  production  coordinator. 
Ryan,  formerly  with  the  New  Haven  | 
plant  of  A.  C.  Gilbert  Co.,  as 
product  development  and  commer¬ 
cial  control  engineer,  will  handle  I 
the  expediting  of  Monitor’s  prod¬ 
ucts. 


Shelton  Heads  Up 
New  Eimac  Division 


EARL  J.  SHELTON  has  been  ap¬ 
pointed  manager  of  a  newly- 
formed  high-power  tube  division  at 
Eitel-McCullough,  Inc.,  San  Carlos, 
Calif. 

His  appointment  to  this  position 
centralizes  the  management  respon¬ 
sibility  for  Eimac’s  extensive  engi¬ 
neering  and  production  facilities 
for  high-power  klystrons,  super¬ 
power  tubes  and  accessory  hard¬ 
ware.  These  facilities  include  the 
high-power  microwave  tube  labora¬ 
tory  and  manufacturing  plant 
which  were  formerly  functions  of 
the  development  division  and  the 
manufacturing  division. 

Shelton,  with  14  years  of  elec¬ 
tron-tube  development  experience 
joined  Eimac  in  February  of  this 
year  as  the  director  of  development 
and  held  that  position  until  his  re- 
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•  finishes:  micro-crystalline  wax, 
rubber-like  resin,  teflon  resin, 
synthetic  rubber 

t  meets  industrial  specifications 
and  MIL-T-713A 

•  each  spool  individually 
packaged  in  boxes 


AEROVOX 
DECADE  BOXES 


AEROVOX 

CORPORATION 


THERMAL  AMERICAN 
FUSED  QUARTZ  CO.,  INC. 
18-20  Salem  St  ,  Dover  N  J 


New  Bedford 


Complete  LACING  CORD  nne 

designed  by 


Electronic 


Specialists 


ELECTRONICS 


modern,  /ow-cosf 
way  to 
precision 
measurements  .  . . 


Massachusetts 


vUdiuiii  Lduicd  lui  jfcoid: 

•  round  cords  and  flat-braided  tapes 

•  nylon,  dacron  and  teflon-fiberglass 


Available  for 
immediate  delivery 
from  your  locai  Alpha  Wire 
electronic  parts  distributor. 
Write  for  free  Catalog  1-59. 


ALPHA  WIRE  CORPORATION  Subsidiary  of  lOIIAL  Eloetronies  CorperstloS 
200  Varick  Street,  New  York  14,  N.  Y. 

Pacific  Diviafon:  1871  So.  Orange  Dr.,  Los  Angeles  IS,  Calif. 
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DROPPED 

THE  BINOCUURS? 

With  everybody  watching  each  other 
along  the  DEW  line  and  the  Iron  Curtain 
these  days,  electronics  has  replaced  bin¬ 
oculars. 

What’s  happening  in  the  giant  markets 
for  missile  controls,  radar  and  communi¬ 
cations  equipment? 

electronics  tells  how  things  are  going, 
keeps  you  informed  of  developments  as 
they  occur.  This  is  a  good  time  to  sub¬ 
scribe  or  renew  your  subscription.  Just 
fill  in  box  on  Reader  Service  Card.  Easy 
to  use.  Postage  free. 

find  what 

YDU  NEED  IN... 

electronics 


y 

IDEM.  FOR  > 

SEMI-CONDUCTOR  METALS  ! 

Our  unique  process  enables  us  to  sup-  . 
ply  semi-conductor  quality  VITREOSIL  ; 
to  close  toleraiKes  in  crucibles  and  ; 
sppiciat  fabrnated  shapes.  Write  us 
about  your  requirements.  See  our  ad 
in  Cbemicil  Enfineerbq;  Catalof. 

E^ECTROSIl!  ' 

FOR  HYPER  PURITY  IN 
SEMICONDUCTOR  WORK 

niRITY— purest  form  of  fused  silica 
TMNSPARElieYo  unique  (H>tical  properties 
i  HOMSOffllY  -  eeapleti^  homogeneous 
Md  free  from  granularity 
>  AVAIIAIILITY  -  bitek  autirial  for  lenses, 

I  prisms,  etc;  red.  fRrar.  weei;  kellew 

[  ware  as  tubing,  crucibles,  and  special 

t  apparatus. 

f  Writ*  tmnpht»,ahmtfat*tl  emfatog. 


Inductance.  Resistance  and  Capaci¬ 
tance  Decades  in  extra-compact  and 
rugged  design  for  accurate  and  de¬ 
pendable  performance.  Quality  com¬ 
ponents  used  throughout  to  provide 
the  same  precise  quality  standards, 
electrically  and  mechanically,  as  finest 
lab-type  equipment. 

Units  housed  in  heavy-duty,  seamless 
steel  cases  with  durable  gray  finish.  All 
one  size-5V4*L  x  3H'W  x  2'yit*H.  Black 
face  plates  with  white  markings.  High¬ 
est  value  multiplier  on  left. 

Available  from  all  Aerovox  Parts  Distrib¬ 
utors,  write  for  descriptiva  literature... 


DISTRIBUTOR  DIVISION 


cent  advancement.  Before  coming 
to  Eimac,  he  was  manager  of  the 
high-power  tube  laboratory  of 
Raytheon’s  Spencer  Laboratory  in 
Waltham,  Mass.,  where  he  was  in¬ 
strumental  in  the  development  of 
high-power,  broad-band  microwave 
amplifiers. 


WRITE  for  B&L  Capabilities  Bulletin . . . 
and  for  help  in  the  development  and  manufacture 
of  optical-electronic-mechanical  systems. 

Bausch  &  Lomb,  61407  Bausch  St., 


Forms  International 
i  Consulting  Service 

TO  HELP  smaller  electronics  com¬ 
panies  participate  in  the  European 
markets  without  making  substantial 
investments  or  diverting  time  and 
personnel  from  their  domestic  ef¬ 
fort,  Stephen  V.  Hart  recently 
formed  a  consulting  service,  Elec¬ 
tronic  Engineers  International, 
with  headquarters  in  Wilton,  Conn. 
Offices  have  been  established  in  Ger¬ 
many,  France  and  England. 

All  the  team  are  scientists  and 
professional  electronics  engineers 
with  an  average  of  twenty  years’ 
technical  and  managerial  experi¬ 
ence.  The  group  is  dedicated  to 
certain  specific  aims :  ( 1 )  Study  and 
investigate  the  market  conditions 
that  affect  a  client’s  competitive 
standing.  (2)  Find  parallel  inter¬ 
ests,  interview  foreign  companies 
that  complement  the  client’s  inter¬ 
ests  and  establish  an  exchange  of 
know-how  and  technical  liaison  that 
leads  to  licensing  contracts.  (3) 
Seek  new  products,  related  to  the 
client’s  existing  line,  to  be  imported 
and  marketed  through  already-es¬ 
tablished  distribution  channels. 

The  founder  of  EEI,  Stephen  V. 
Hart,  was  previously  associated 
with  the  Perkin-Elmer  Corp.,  Nor¬ 
walk,  Conn.,  as  manager  of  develop¬ 
ment  engineering,  Electro-Optical 
division.  Amongst  his  other  duties 
was  the  evaluation  of  new  products 
and  inventions  submitted  by  Perkin- 
Elmer’s  German  subsidiary,  Boden- 
seewark.  Before  that,  as  vice  presi- 


On  Target, 
Because . . . 


To  sharpen  the  shooting  eye  of  this 
deadly  fish,  Bausch  &  Lomh  developed  four 
different  instrument  sy.stems  to  co;ivey 
optical  and  electronic  information  hetwa'en 
the  missile  guidance  package  and  the 
inertial  navigation  system. 

.Accuracy  of  these  systems  is 
measured  in  terms  of  one  st'cond 
of  arc:  1  part  in  200,000. 

The  integrated  skills  of  Rausch  ^  Lomh 
sp(*d  these  four  Polaris  projects 
tlirough  every  phas('  of  fle\  ('lo{)m(‘nt  : 
compk'te  original  dt'sign,  BuOrd 
documentation,  fabrication.  Wk'Vl  like  to 
apply  the  same  skills  to  your  pi’oject. 


B&L  optical-electronic-mechqnical 
capabilities  help  align  azimuth  on 
Polaris  Submarines 
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dent  of  Electronic  Control  Corp., 
Detroit,  he  set  up  that  company’s 
field  staff  in  Europe  and  the  U.  S. 


USECO  Promotes 
Richard  Douglas 

u.  s.  ENGINEERING  CO.,  Van  Nuys, 
Calif.,  a  division  of  Litton  Indus¬ 
tries,  recently  named  Richard 
Douglas  chief  engineer. 

This  is  a  newly-created  post  and 
Douglas  will  direct  research  and 
development  programs  as  well  as 
continuing  supervision  of  engineer¬ 
ing  support  activities. 

Douglas  joined  USECO  in  1958 
as  production  manager  for  printed 
circuits  and  terminal  boards.  From 
1950  until  1958,  he  was  with  the 
Revil  Co.  of  Los  Angeles,  as  produc¬ 
tion  manager  and  plant  manager. 


Amperex  Completes 
New  Wing 

AMPEREX  ELECTRONIC  CORP.,  Hicks- 
ville.  Long  Island,  N.  Y.,  has  an¬ 
nounced  the  completion  of  a  new 
iving  to  the  present  Amperex  build¬ 
ing. 

This  new  wing  adds  13,000  sq 
ft  of  production  area  to  the  123,- 
000  sq  ft  of  the  present  building. 
Last  year  a  23,000  sq  ft  engineering 
wing  was  completed. 

“The  engineering  wing  completed 
last  year  enabled  Amperex  to  en¬ 
large  its  engineering  staff.  The 
added  personnel  have  now  made  it 
feasible  for  us  to  enlarge  our  pro¬ 
duction  facilities;  therefore,  the 
need  for  the  new  wing”,  according 
to  Frank  Randall,  president.  “We 
expect  now  to  markedly  increase 
production  of  our  highly  successful 
line  of  frame  grid  tubes,  both  PQ 
types  for  military  and  industrial 
applications  as  well  as  entertain¬ 
ment  types,”  he  said. 


When  you’ve  got  big  plans  for  the  future  —  you  have  good 
reasons  for  reading  your  businesspaper  mighty  carefully.  This  is 
where  a  man  who  means  business  gets  facts,  news,  ideas . . . 
information  he  needs  to  do  business.  Issue  after  issue  you  find 
meaty  stuff  to  keep  your  job  and  your  business  growing  —  in  both 
the  advertising  and  editorial  pages  of  . . .  your  businesspaper. 


fHOTO  ON  LOCATION  IT  IHRCNIIRI 


Where  there’s  business  action,  there’s  a 

businesspaper  ...where  there's  electronics  business,  there’s 

electronics 

A  McGraw-Hill  Publication  •  330  W.  42nd  Street  •  New  York  36,  N.  Y. 

i/nilfe  ...  ..  ..  .  .  .  _ 


^  ^  MiehiMments  bi  tie  ASSOCIATE  eusiNESS  publications 


August  26,  1960 


105 


9 


VARIAN 

Potentiometer 

RECORDERS 

Used  by  the  thousands 
because . . . 


LUNAR  and  PLANETARY  COMMUNICATION 


RECEPTION 
The  85  foot  parabolic 
antenna  at  Goldstone, 
California  buiit  in 
1958  and  used  in 
tracking  and  record¬ 
ing  teiemetry  from 
U.S.  spacecraft. 


TRANSMISSION 
This  85  foot  antenna, 
seven  miles  from 
the  reception  facility, 
has  recently  been  put 
in  operation  to  trans> 
mit  signals  to  U.S. 
spacecraft. 


SENIOR  RESEARCH  SPECIALISTS 

New  opportunities  involving  advanced  research  and  develop* 
ment  projects  are  now  open  at  JPL  in  the  Laboratory’s  Tele¬ 
communications  Division  for  engineers  and  scientists  capable 
of  assuming  a  high  level  of  technical  responsibility. 

SOME  SPECIFIC  OPENINGS  IMMEDIATELY  AVAILABLE 


Communication  Specialists 

! 

Radio  Research  Engineers 

Execution  of  RF  tracking  and 

Design  of  advanced  RF 

communication  system  projects. 

transmitter/ receiver  equipment. 

Antenna  Specialists 

Research  Scientists 

Analysis,  design  and  evaluation 

Digital  data  and  control  system 

of  giant  Antenna  Structures  and 

analysis  and  synthesis. 

Servo  Systems. 

Mathematicians  or  Communication  System  Analysts 

Analog  and  Digital  system  analysis.  Noise,  coding,  in¬ 
formation  theory.  Linear  and  non-linear  filter  theory. 

Several  openings  also  exist  for  supervisors  of  Research  and 
Advanced  Development  Projects  performed  by  industry  for  JPL. 


CALIFORNIA  INSTITUTE  OF  TECHNOLOGY 

JET  PROPULSION  LABORATORY 

PASADENA  •  CALIFORNIA 

SEND  COMPLETE  QUALIFICATION  RESUME  NOW  FOR  IMMEDIATE  CONSIDERATION 
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. .  .  Electrical  Coil  Windings 

.  .  .  WIRE  SIZES  #6  TO  #56 

For  43  Years  .  .  .  specializing  in  all  types  of  coils  to  customers’ 
specifications.  Design  or  engineering  assistance  available  on 
request. 

COTO-COIL  CO.,  INC. 

SINCE  1917  ^ 

65  Pavilion  Avenue  Providence  5,  Rhode  Island 


3.  ANYWHERE  USED,  THEY 

SAVE  SPACE 


Equipment  manufacturers 
praise  the  Varian  G-llA  be¬ 
cause  it  fits  neatly  into  instru¬ 
ment  panels,  occupying  J^th  the 
space  of  a  conventional -sized 
recorder.  Lab  men  appreciate 
Varian's  portable  versions  be¬ 
cause  they  add  so  little  clutter 
to  bench  or  table. 

IX  limit  of  error;  1  or  2iS  second  full- 
scale  balancing  time;  ranges  from 
0-9  millivolts  to  0-100  volts;  wide 
choice  of  speeds,  accessories  and 
charts;  prices  from  $365.  For  all  the 
facts,  write  the  Instrument  Division. 


VARIAN 

associates 

PALOALTO  1,  CALIFORNIA 


SATIN 


An  Experimental 
Environment  for 
Semi-Automatic 
Air  Traffic  Control 


SATIN  (SAGE  Air  Traffic  Control  Integration)  is  the 
experimental  electronic  surveillance  and  control  system 
which  MITRE  is  engaged  in  designing  and  evaluating  for 
the  Federal  Aviation  Agency.  The  design  incorporates 
advanced  data  processing  techniques  and  equipment  for 
en  route  air  traffic  control. 

The  major  elements  of  SATIN  include  a  large  scale  digital 
computer,  its  specially  prepared  program,  and  associated 
radar,  communications  and  display  equipments.  The  goal 
is  positive  control  of  high  speed  jet  aircraft  at  high  altitudes 
under  all  weather  conditions. 

Projects  such  as  SATIN  are  typical  of  the  large  scale 
system  engineering  tasks  in  which  MITRE  is  engaged. 

Engineers,  mathematicians  and  scientists  are  invited  to 
investigate  the  opportunities  currently  available  with 
mitre’s  expanding  scientific  community. 


EMPLOYMENT  OPPORTUNITIES 
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Post  Office  Box  31 — 17-WU,  Lexington,  Massachusetts 


is  a  system  engineering  organization  engaged  in  the  design, 
development  and  evaluation  of  large-scale  command  and  control  systems. 


CONTROL 

INSTRUCTIONS 


^PROGRESS 

REPORTS 


ENCODED  RADAR 
&  BEACON  DATA 


FLIGHT  PLANS 
WEATHER 


Inquiries  may  be  directed 
in  confidence  to: 

VICE  PRESIDENT 
TECHNICAL  OPERATIONS 


XD-1  COMPUTER 

Program  of  instructions 
for  carrying  out 
data  processing 


CONTROL  TEAM 


MITRE 


1 


EMPLOYMENT  OPPORTUNITIES 


This  Is 
Our  86  Foot 
Research 
Vessel 

used  for  field 
tests  at  sea! 


SENIOR 

ELECTRONIC 

ENGINEERS 

B.S.  or  M.S.  E.E. 

ANTI  SUBMARINE 
WARFARE  SYSTEMS 


THE  MAN 

The  man  we  seek  should  have  as  a  prime  requisite  heavy  DESIGN  experience 
on  a  variety  of  electronic  equipment.  Secondary  emphasis  will  be  placed  on 
Systems  concept.  Proposal  creation  and  analysis  and  Project  leader  ability. 

THE  COMPANY 

Daystrom  Incorporated,  Electric  Division  offers  a  terrific  challenge,  combined  with 
new,  modern  30,000  sq  ft  air  conditioned  plant,  in  a  highly  desirable  residential 
community  in  Poughkeepsie,  N.  Y.,  just  85  miles  from  New  York  City.  It  has  on 
86  ft  research  vessel  and  gives  the  opportunity  to  work  with  a  group  of  125  lop 
scientists,  engineers  and  technicians. 


DAYSTROIVI  t  INCORPORATED 
ELECTRIC  DIVISION 


For  further  information  and  interview  consideration, 
write  in  confidence  Mr.  W.  F.  Donahue 

229-A  Manchester  Rd.,  Poughkeepsie,  N.Y. 
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EE,  ME,  or  Physics;  BS,  MS,  Doctoral  Degrees 

A  Unique  Career  Spot 

Investigate  New  Positions 

IN  ADVANCED  DEVELOPMENT 
AND  PRODUCT  ENGINEERING 

^  Thermoplastic  Recording* 

^  Electronic  Visual  Amplifiers* 

for  Large  Screen.  High  Brightness,  High  Resolution, 

Information  Display  Systems 

^  High  Power  AM,  FM,  Short  Wave,  TV  (VHF-UHF)  &  Scatter  Transmitters 
^  TV  Studio  Equipment  —  Monochrome  &  Color 
^  TV  &  AM  Station  Audio  Equipment 
^  UHF,  VHF,  &  Microwave  Antennas 
Transmission  Line  Systems,  Studio  TV  Transmitter  Link  Equipment 
Educational  TV,  Industrial  TV 

GENERAL  ELECTRIC’S  TECHNICAL  PRODUCTS  OPERATION 

.  the  "hatching  place”  of  new  commercial  and  military  products  in  fields  of 

BROADCASTING  .  CLOSED  CIRCUIT  TV  •  SPECIAL  VIDEO  &  DISPLAY 

BS  or  Advanced  degrees  plus  experience  in  one  of  the  following  areas 

A.  Geometric,  Physical  &  Electron  Optics 

B.  Circuit  Design  (Semiconductor  &  Tubed) 

C.  Mechanical  design  of  products  involving  complex  precision  mechanisms, 
vacuum  systems,  optics,  thermodynamics. 

*Descriptive  literature  sent  on  requeet. 

Write  in  full  confidence  to:  N.  C.  Murray,  Engineering  Sect.  69WH 

TECHNICAL  PRODUCTS  OPERATION 

6ENERAL@ELECTRIC 

Electronics  Park,  Room  215,  Bldg.  7.  Syracuse,  New  York 


MANUFACTURERS' 

REPRESENTATIVES 

IN  THE  ELECTRONIC  INDUSTRY 


SAMUEL  K.  MACDONALD,  INC. 

manufoclureri  repreientatives  over  25  years 

1531  SPRUCE  STREET,  PHIIA.  2,  PA. 

Territory:  Ofhef  Officpi 

Pennsylvonia  •  New  Jertey.*  Pittsburgh 

Delaware  •  Marylond  j  Bollimore 

Virginia  •  West  Virginio  Washington,  O-.C. 

District  of  Columbia 
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SEARCHLIGHT 

SECTION 

(Ctaisihed  Advertiling)  . 
BUSINESS  OPPORTUNITIES 
EQUIPMENT  -  USED  or  RESALE 


SEMI  CONDUCTOR 
SPECIAL  SALE 


LIBERTY 

ELECTRONICS,  INC 


Tl  2N 

IN 

31.  . 

3.50 

122  . 

$5.00 

IN 

35.  . 

1.50 

Tl  338 

10.00 

IN 

263. 

6.95 

Tl  620 

6.00 

IN 

301. 

4.75 

IN  21 

IN 

:t02. 

5.00 

A/B. 

.60 

IN 

mt. 

5.25 

IN  21 

IN 

4ISI1 

C  .. 

.99 

6.95 

IN  22. 

.42 

IN 

446.35.00 

IN  23 

JAN  IN 

A/B. 

.75 

538  . 

.75 

IN  23 

C  .. 

.99 

IN  26. 

6.75 

Clevite 

8A  173. 

.75 

International  GFlO 
40M  20.000  PI  Volt..  99.00 
Many  other  types 
See  1959  &  pages  594,  95  of 
I960  Electronics  Buyers'  Guide 
for  a  more  complete  listing. 
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*  Weinschel  Engineering .  14 

Weston  Instruments,  A  Div.  of  Day- 
strom  Inc .  39 

*  Western  Devices.  Inc .  92 
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*  See  Advertisement  in  the  July  20,  1960  Issue 
of  Electronics  Buyers'  Guide  for  complete  line  of 
products  or  services. 


Environmental 

conditioning 

for 

missile 

ground  support 
systems 


AiResearch  electronic  cooling 

units  for  U.S.  Army  Hawk  missile 
mobile  ground  radar  equipment 
require  only  half  the  space  origi¬ 
nally  allotted.  These  lightweight 
production  units,  with  a  heat  rejec¬ 
tion  capacity  of  10  KW,  measure 
20"  X  24"  X  24". 

A  complete  system  package,  the 
liquid-to-air  unit  includes  an  ac¬ 
cumulator,  pump,  heat  exchanger, 
fan,  switches  and  valves. 

Contact  AiResearch  early  in 
your  planning  and  design  stage  for 
greater  reliability,  smaller  unit  size 
and  weight.  AiResearch  is  the  lead¬ 
ing  designer  and  manufacturer  of 
advanced  electronic  conditioning 
equipment  and  systems  for  missile 
and  ground  support  applications. 

Environmental  conditioning 
equipment  has  been  produced  for 
the  following  electronic  systems: 
Detection  •  Communication 
•  Control  •  Ground  Support  • 
Guidance 

Write  for  literature  today. 
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MANUFACTURERS’  REPRESENTATIVES 
MacDonald  Inc.,  Samuel  K .  108 

CLASSIFIED  ADVERTISING 
F.  J.  Eberle,  Business  Mgr. 

EMPLOYMENT  OPPORTUNITIES 


ADVERTISERS  INDEX 

Daystrom  Inc.,  Electric  Div . 

General  Electric  Co . . 

Liberty  Electronics  Inc . 

Mitre  Corp.,  The  . . 


This  Index  and  our  Reader  Service  Numbers  are  pub¬ 
lished  as  a  service.  Every  precaution  is  taken  to  make 
them  accurate,  but  ELECTRONICS  assumes  no  re¬ 
sponsibilities  for  errors  or  omissions. 


^  g  r\  Punch  Multiple  Holes 
*  in  One  Operation  j 
with  REUSABLE  Di-ACRO 
ADJUSTABLE  PUNCHES  AND  DIES  I 


Audited  Paid  Circulation 


BRUCE  A.  WINNER, 
Advertising  Sales  Manager 


R.  S.  QUINT,  Assistant  Advertising  Sales  Man¬ 
ager  and  Buyers'  Guide  Manager;  FREC 
STEWART,  Promotion  Manager;  RICHARD  J 
TOMLINSON,  Production  Manager;  GEORGE 
E.  POMEROY,  Classified  Manager;  HUGH  J 
QUINN,  Circulation  Manager. 


Di-Acro  Adjustable  Punch¬ 
es  and  Dies  offer  you  an  in¬ 
expensive  means  of  rapid 
tooling  for  multiple  punch¬ 
ing  of  holes  of  a  variety  of 
shapes  and  sizes.  They  will 
do  the  job  in  a  fraction  of 
the  time  it  would  take  using 
a  single  station  punch  press 
and  at  a  fraction  of  the  cost 
of  standard  tooling.  All 
tooling  can  be  arranged  in 
a  countless  number  of  pat¬ 
terns  so  that  most  multiple 
hole  punching  jobs  can  be 
accomplished  in  one  opera¬ 
tion.  Tooling  can  be  reused 
again  and  again.  Holes  can 
be  as  close'  together  as 
on  centers.  A  template 
locates  your  punches  and 
dies  accurately.  All  Di-Acro 
punches  and  dies  are  con¬ 
centric,  readily  interchange- 
I  able.  Standard  rounds, 
rectangles,  ovals, 


a  spot  isaspoi 

is  a  high 
resolution  spot 
with 


ADVERTISING  REPRESENTATIVES:  NEW  YORK 
Donald  H.  Miller,  Henry  M.  Shaw,  George  F. 
Werner;  BOSTON  William  S.  Hodgkinson, 
Donald  R.  Forth;  PITTSBURGH  David  M. 
Watson;  PHILADELPHIA  Warren  H.  Gardner, 
William  J.  Boyle;  CHICAGO  Harvey  W. 
Wernecke,  Martin  J.  Gallay;  CLEVELAND 
P.  T.  Febley;  SAN  FRANCISCO  T.  H.  Carmody, 
R.  C.  Alcorn;  LOS  ANGELES  Carl  W.  Dysinger, 
D.  A.  McMillan,  Marshall  Freeman;  DENVER 
J.  Patten;  ATLANTA  M.  Miller;  DALLAS  Robert 
T.  Wood;  LONDON  Edward  E.  Schirmer; 
FRANKFURT  Stanley  R.  Kimes;  GENEVA 
Michael  R.  Zeynel. 


•  Celcc  YOKES 

keep  spots  SRiallBSt 

•  CeiceYOKE^ 

keep  spots  rOUndBSt 

•  ^MYOKEr 

keep  spots  sharpest 


BRANCH  OFFICES:  National  Press  Bldg.,  Wash¬ 
ington  4,  D.C.;  350  Park  Square  Bldg.,  Boston 
16;  Four  Gateway  Center,  Pittsburgh  22; 
Six  Pe  n  Center  Plaza,  Philadelphia  3;  520 
North  Michigan  Avenue,  Chicago  11;  55 

Public  Square,  Cleveland  13;  68  Post  Street, 
San  Francisco  4;  1125  West  Sixth  St.,  Los 
Angeles  17;  1740  Broadway,  Denver  2;  1301 
Rhodes-Haverty  Bldg.,  Atlanta  3;  901  Vaughn 
Bldg.,  Dallas  1;  McGraw-Hill  House,  London 
E.C.4;  85  Westendstrasse,  Frankfurt/Main;  2 
Place  de  Port,  Geneva. 


squares, 

D’s  and  other  shapes  in  a 
variety  of  sizes  are  avail¬ 
able  from  stock. 


Title  registered  U.S.  Patent  Office;  Copy¬ 
righted  1960,  McGraw-Hill  Publishing  Com¬ 
pany,  Inc.  All  rights  reserved,  including  the 
right  to  reproduce  the  contents  of  this  publi¬ 
cation,  in  whole  or  in  part. 


Use  a  CELCO  DEFLECIiON  YOKE  for 

your  high  resolution  applications. 

In  a  DISPLAY  SPDT?„call  Celct! 


See  Di-Acro  Machines  In 
Action.  Booth  259-65  Pro¬ 
duction  Engineering  Show, 
Navy  Pier,  Chicago,  Sep¬ 
tember  6-16 


OFFICERS  OF  THE  PUBLICATIONS  DIVISION; 
Nelson  L.  Bond,  President;  Shelton  Fisher,  Wal¬ 
lace  F.  Troendly,  Senior  Vice  Presidents;  John 
R.  Callaham,  Vice  President  and  Editorial  Di¬ 
rector;  Joseph  H.  Allen,  Vice  President  and 
Director  of  Advertising  Sales;  A.  R.  Venezian, 
Vice  President  and  Circulation  Coordinator. 


Pronounced  die-ock-ro 


OFFICERS  OF  THE  CORPORATION:  Donald  C. 
McGrow,  President;  Joseph  A.  Gerardi,  Hugh 
J.  Kelly,  Harry  L.  Waddell,  Executive  Vice 
Presidents;  L.  Keith  Goodrich,  Vice  President 
and  Treasurer;  John  J.  Cooke,  Secretary. 


Hail  Plait;  HAHWAH,  N.  J.  DAvIs  7-1123 

e  Pacific  Division  •  Cucamonga,  Calif.  -  YUkon  2-2688 
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if  it’s  news,  expect  it  first  from  IRC 


New  M  COAT  for  resistors  takes  30  cycles  of  MIL  moisture 


Moisture  Resistant — Resistors  with  M  Coat  with¬ 
stand  30  cycles  of  moisture,  300%  of  the  MIL-R- 
10509C  Characteristic  B  requirement,  tested  in 
accordance  with  MIL  Standard  202.  No  other 
RN20X  style  film  resistor  on  the  market  matches 
this  performance. 

Damage  Resistant— M  Coat  adds  greater  protection 
for  the  resistance  element,  eliminates  handling  and 
assembly  damage. 

Superior  Insulation— over  100  megohms  after  30 
cycles  of  moisture. 

M  Coat  is  currently  available  in  the  *  2  watt  size  of 
IRC  Precision  Film  Deposited  Carbon  Resistors,  a 
type  already  noted  for  superior  temperature  char¬ 
acteristics,  close  tolerances,  accuracy,  and  stability 
at  high  frequencies. 

Rating;  1,^2  watt  at  70°C  Ambient 
Standard  tolerance:  ±1% 

Range:  10  ohms  to  2.49  megohms 
Max.  continuous  working  voltage:  350 


Recommended  Applications;  Computer,  amplifier, 
metering,  and  voltage  divider  circuits. 
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Write  for  Bulletin  AE-15,  International  Resistance 
Co.,  401  N.  Broad  St.,  Philadelphia  8,  Pa. 


*Trademark  Exclusive  IRC  Moisture-proof  Coating 


Leading  aupplier  to  manufacturers  of  electronic  equipment 
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